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Plants  and  Range  Conditions,  and  respectfully  recommend  that  it  be 
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P  R  E  F  A  C  E. 


This  report  entitled  Stock  Ranjres  of  Northwestern  California: 
Notes  on  the  Grasses  and  Forage  Plants  and  Range  Conditions,  was 
pivpared  under  my  direction  by  Mr.  Josepli  Burtt  Davy,  assistant 
botanist  of  the  Agricultural  Kxperiment  Station  of  the  Univereity  of 
California.  Mr.  Davy,  under  commission  from  the  United  Slates 
Department  of  Agricultui-e,  through  this  Office,  dated  March  24, 1900, 
made  a  very  thorough  investigation  of  the  grasses  and  forage  plants 
of  northwestern  California,  a  region  whose  forage  resources  have  not 
heretofore  been  carefully  studied.  The  report  contains  a  compre- 
hensive account  of  the  whole  region,  its  physiographic  and  climatic 
conditions,  and  all  the  features  bearing  upon  the  forage  problem. 
The  information  it  contains  will  be  of  use  to  ranchmen  and  dairymen 
and  all  those  interested  in  the  stock  industrj-,  and  will  be  found  of 
special  value  to  those  living  mthin  the  region  which  it  covers.  In 
addition  to  the  presentation  of  this  report,  Mr.  Davy  collected  a  large 
and  valuable  series  of  specimens  of  the  native  grasses  and  other  plants 
which  supply  more  or  less  grazing,  and  a  set  of  these  specimens  ha^ 
been  added  to  the  collections  of  the  Office. 

BIr.  Da^-y  wishes  to  express  here  his  sincere  thanks  to  Dr.  Walter 
C.  Blasdale  for  invaluable  assistance  rendered  in  the  collection  and 
preparation  of  specimens,  for  taking  and  preparing  the  photographs 
which  illustrate  this  report,  and  for  help  in  many  other  ways.  With- 
out this  assistance  the  investigation  could  not  have  been  successfully 
accomplished. 

F.  Lamsok-Scribneb, 

Agrontohgisl. 

Office  of  the  Aqkostologist, 

Washington,  D.  C,  November  2'i,  1901. 
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STOCK  RANGES  OF  NORTHWESTERN  CALIFORNIA:  NOTES  ON  THE 
GRASSES  AND  FORAGE  PLANTS  AND  RANGE  CONDITIONS. 


OTTBODTTCnOW. 
PHYSICAL  FE.\TURK8  OP  THE  REQIOX. 

Xorthwesteru  California  as  here  defined  includes  the  counties  of 
Lake,  Mendocino,  Hiimlwldt,  Trinity,  Del  Norte,  and  the  portion  of 
Siskiyou  lying  wewt  of  the  California  aud  Oregon  Railroad.  It  is 
approximately  bounded  liy  lines  drawn  at  30°  and  42°  nortli  latitude, 
and  122°  30'  and  124°  30'  lonjfiturte  west  of  Greenwich.     (See  Map  I.) 

It  is  a  fairly  well-defined  topographical  area,  bounded  on  the  east 
by  the  inner  Coast  Range  Mountains  and  on  the  west  hy  the  Pacific 
Ocean.  It  covera  the  whole  of  the  drainage  basins  of  the  Eel,  Mad, 
Trinity,  Lower  Klamath,  and  Smith  rivers  and  the  smaller  streams 
alon^  the  coast  north  of  the  Gnalala  River.  On  the  south  it  extends 
beyond  this  naturally  delimited  area  to  inchide  Lake  County  and  the 
southern  boundary  of  Mendocino  County,  thereby  taking  in  the  drain- 
age basin  of  Clear  I,ake  and  the  headwaters  of  Russian  River. 

AOBICCLTURAL  9UBDIVISIOSS. 

Thi,H  region  is  divisible  into  seven  agri(^ultural  areas,  which  are 
more  or  less  clearly  marked  topographically,  climatically,  and  phyto- 
logically.     They  are; 

1.  The  Interior  Plateau  Belt,  dis.sected  into  long  ridges  separated  by 
deep  canyons,  some  of  them  running  in  a  more  or  less  northwesterly 
direction,  other  and  shorter  ones  almost  due  west.  This  belt  is 
bounded  on  the  west  by  the  redwood  forest  and  on  the  east  by  the 
Mayacama,  Yallo  BoUey,  and  South  Fork  mountains.  Ljing  at  a 
higher  altitude,  2,000  to  4,000  feet,  it  enjoys  a  warmer  summer  tem- 
perature and  less  moisture  than  the  Coast  Bluff  belt;  also  its  soil  is 
heavier,  containing  more  clay  and  less  sand.  With  the  exception 
of  a  few  mountain  valleys  included  within  its  limits  this  is  almofSt 
exclusively  a  pastoral  area. 

2.  The  Coast  Bhiff  Belt,  a  narrow  stretch  of  agricultural  and  pastoral 
land  varying  from  1  to  3  miles  in  width,  and  occupying  a  mesa  or 
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beiich  between  the  shore  line  and  the  summit  of  the  first  mountain 
ridge,  which  is  alront  1,600  feet  high.  This  ridge  marks  the  western 
edge  of  the  redwood  belt.  For  the  moat  part  this  belt  is  elevated  some 
50  or  more  feet  above  tlie  sea,  but  at  Humboldt  Bay  and  Crescent  City 
it  has  been  eroded  almost  to  sea  level,  thei-e  forming  a  large  and  verj' 
fertile  flood  plain.  It  is  subject  to  heavy  summer  fogs,  enjoys  a  more 
equable  summer  climate  and  a  greater  amount  of  moisture  than  is 
found  in  the  interior,  and  is  relatively  cool.  The  soil  is  considered 
poor  except  at  a  few  points;  it  is  light,  being  abundantly  charged 
with  drift  sand. 

3.  The  Redwood  Belt,  lying  between  and  parallel  with  the  coast 
bluff  belt  and  the  interior  plateau,  and  consisting  of  rough  ridges, 
separated  by  nan-ow  V-shaped  canyons.  It  is  covered  by  a  more  or 
less  dense  growth  of  redwood  {Sequoia  semitervireiis),  and  is  a  cli- 
matic and  phytologieal  rather  than  a  geographical  area,  embracing 
and  being  limited  to  the  redwood  foi-est.  It  runs  almost  the  whole 
length  of  the  coast  of  northwestern  California,  apparently  being  inter- 
rupted in  only  one  or  two  places,  and  lies  for  the  most  part  away  from 
the  coast  line,  sheltered  from  cool  and  violent  winds  behind  a  ridge 
which  runs  nearly  parallel  with  the  shore.  Scattered  redwood  trees 
are  hut  rarely  found  outside  of  this  belt,  which  comprises  the  forest 
proper.  The  heavy  summer  sea  fogs,  drifting  high  overhead  acros.s 
the  narrow  bench  of  bluff  land,  are  intercepted  in  their  course  by  the 
trees  on  the  summits  of  the  ridges,  or,  when  they  lie  low,  roil  along 
the  bi-oad  river  valleys  and  more  uumei-ous  nan-ow  canyons  opening 
into  the  redwood  forest,  saturating  the  tree  tops,  and  by  their  means 
also  the  soil  below,  with  abundant  moistui-e.  The  actual  conditions 
which  delimit  this  redwood  belt  are  not  at  present  clearly  understood, 
but  climate  appears  to  have  been,  above  any  other  evident  phj-sieal 
cause,  a  potent  factor  in  the  development  of  the  forest.  The  soil  con- 
ditions appear  to  be  generally  comparable  to  those  of  the  plateau  can- 
yons, except  for  the  additional  amount  of  humus  due  to  the  presence 
of  the  trees, 

4.  The  headwaters  of  the  Russian  River,  forming  a  connecting  link 
between  the  distinct  topographical  region  of  northwestern  and  that  of 
western  middle  Califoniia,  otherwise  called  the  San  Francisco  Bay 
region,  to  the  latter  of  which  it  strictly  belongs.  It  is  included  in  this 
report  because  it  lies  within  Mendocino  County  and  because  it  was  the 
starting  i>oint  of  the  expedition. 

5.  The  drainage  basin  of  Clear  Lake,  for  the  most  part  a  stony 
and  mountainous  region,  walled  in  on  all  sides,  and  with  little  level 
land.  Its  resources  are  mainly  pastoral,  though  the  lake  is  fringed 
by  some  rich  farming  and  fruit  land. 

6.  Trinity  County,  an  isolated  mining  region,  almost  walled  in  by 
high  mountains,  and  including  the  headwaters  of  Trinity  River. 
Scai-cely  anything  is  known  of  the  botany  of  this  very  distinct  topo- 
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PHYSICAL   FEATURES   OF   THE   BEQION.  IIS 

graphical  aren,  but  the  collections  of  ChestHut  and  Drew  ^  indicate 
that  it  may  l>e  phytologioally  distinct  from  the  section  west  of  the 
South  Fork  Mountains.  A  collection  of  plants,  including  several 
grasses,  has  been  made  by  Miss  Eastwood  during  the  snmmer  uf  1001. 

7.  The  Siskiyou,  Scott,  and  Salmon  mountains.  Collections  of 
grasses  from  this  region  were  made  by  Mr.  T.  H.  Gilbert  in  the  sum- 
mer of  1899  and  Mr.  H.  P.  Chandler  in  the  summer  of  lifOl,  but  have  ■ 
not  yet  been  completely  worked  up. 

Only  the  first  four  of  these  subdivisions  are  discussed  in  the  present 
report.  On  account  of  the  brevity  of  the  flowering  season  of  grasses 
in  California,  of  the  extent  of  the  region  included  within  the  above- 
describe<l  boundaries,  and  of  its  geaeral  inaccessibility  and  the  cost 
of  travel  in  a  mountainous  and  thinly  populated  country,  it  was  found 
impossible  to  visit  all  of  the  subdivisions  of  the  region.  Those  por- 
tions most  prominently  devoted  to  dairying  and  cattle  raising  wen' 
therefore  selected  for  investigation.  They  include  a  large  portion  of 
Mendocino  and  Humboldt  counties  and  the  narrow  strip  of  coast  line 
in  Del  Norte  County. 

These  three  are  the  most  northerly  coast  counties  of  California,  and 
together  cover  an  area  of  about  8,513  square  miles.  On  the  accom- 
panying map  (I)  their  position  is  indicated  by  the  dotted  portion, 
the  heavy  lines  nearest  to  it  on  the  east  and  south  marking  the 
inland  boundaries  of  the  whole  region  of  northwestern  California. 


In  a  paper  on  the  "  Geomorphogeny  of  the  coast  of  northern  Cali- 
fornia,'' Prof.  A.  0.  Lawson  says  of  the  topi^raphy  of  Sonoma,  Mendo- 
cino, and  Humboldt  counties: 

The  coast  ranges  of  Dortbem  Califomiacompriee.  besides  the  monn tains  proper, 
which,  except  for  isolated  peaks,  are  distant  from  the  ocean,  a  broad  coastal  tract 
which  may  be  xaid  to  be  devoid  of  true  monntain  topography.  This  tract  is 
clearly  a  dissected  plateau,  and  impresses  itself  as  each  upon  the  observer  very 
forcibly  when  viewed  from  any  point  not  lower  than  its  general  level.  <See 
Plate  I.)  The  platean  is  now  represented  only  by  long,  roughly  level-topped 
ridges,  which  are  separated  from  one  another  by  long,  narrow  valleys.  At  the 
heads  of  the  streams  which  drain  the  valleys  the  ridges  are  frequently  conflnent. 
The  ridges  have  a  remarkable  constancy  of  general  altitude.  The  observer 
stationer!  on  one  which  is  slightly  more  commanding  than  the  rest  beholds  a  vast 
expanse  of  country,  with  no  prominent  profile  against  the  sky  thronghout  the 
tract  in  Sonoma  and  Mendocino  counties.  Ridge  succeeds  ridge  in  seemingly 
endless  sequence,  and  to  an  observer  overlooking  the  foregronnd  the  general  effect 
of  tlie  ridges  falling  away  in  perspective  is  that  of  a  plain.  So  situated  he  can 
easily  imagine  the  intervening  valleys  filled  flush  with  the  crests.  The  plain  so 
restored  would  be  neither  level  nor  even.  It  would  be  a  sloping  plateau  of  low 
relief.    Along  the  front  of  this  platean.  where  it  overlooks  the  ocean,  its  general 

•Drew,  Elmer  R.  Notes  on  the  Botany  of  Humboldt  Connty,  Cal.:  Bnl.  Torr. 
Bot.  Club,  XVI.  UT-153.     1888. 

"Lawson,  Prof.  A.  C;  Geomorphogeny  of  the  coast  of  northern  California:  Uni- 
versity of  California,  Dept.  of  Geology.  Bui— 341-273,  Nov.  1M94. 
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altitude  is  about  1,600  feet.  Back  from  the  coast,  where  it  passes  into  the  higher 
and  more  monntainous  tract  of  central  and  eastern  Mendocino  County,  it  has  an 
elevation  of  abont  3.100  feet.  On  entering  Hnmboldt  Connty  several  sharp  peaka 
rise  abruptly  above  tbe  general  level  of  the  dissected  plataau  to  altitudes  of  from 
3,000  feet  to  4,000  feet,  bnt  remnants  of  plateau  clearly  encircle  these  and  give 
their  middle  slopes  a  distinctly  terraced  aspect. 

It  is  evident  that  northward  of  the  fortieth  parallel  of  latitude  the  forces  which 
efEected  the  evolution  of  the  original  plain  have  niade  bat  little  headway  as  com- 
pared with  the  coastal  region  to  the  sonth  of  the  same  line,  or  tbey  had  been  inter- 
rupted in  their  work  by  orogenic  disturbances.  The  plain  in  Humbr)Idt  Connty 
represents  no  broad  expanse,  as  in  Mendocino  and  Sonoma  counties,  bnt  may  bs 
followed  in  between  an  open  cluster  of  mountain  peaks  and  ridges.  The  present 
reconnaissance  establishes  the  fact  of 'its  extension  as  far  as  the  Bear  River  ridge. 
It  doubtless  extends  up  the  coast,  however  .  far  beyond  the  limit  set  to  (my) 
exploration. 

That  this  great  dissected  plat«an  represents  an  ancient  peneplain  which  has 
been  uplifted  from  a  nearly  base-leveled  condition  to  its  present  altitnde  seems 
beyond  question.  The  rocks  of  which  it  is  composed  are  of  various  ages,  of  vari- 
ous degrees  of  hardness,  and  have  been  throughout  the  region  so  disturbed  that 
their  original  horizontal  condition  is  practically  nowhere  to  be  found.  The  sur- 
face of  the  ancient  iieneplain  consists  of  the  beveled  edges  of  the  upturned  strata. 
On  the  summit  of  one  of  the  characteristic  ridges  of  the  plateau  between  Usal 
and  Kenny  namerons  waterwom  pebbles  were  fonnd  at  an  elevation  of  about 
1,600  feet,  which  can  only  be  interpreted  as  remnants  of  the  stream  gravels  of 
the  ancient  peneplain. 

CLIMATOlXJUy, 


The  only  HtatioiiH  within  the  region  from  which  we  have  any  clima- 
tologieal  datH  are: 

lu  Mendocino  County;  Point  Arena  and  Fort  Brafig  on  the  coast, 
Ukiah  and  Cahto  iu  the  interior. 

In  Humboldt  County;  Upix-r  Mattole,  Cape  Mendocino,  Humlmldt 
Light  and  Eui-eka  on  the  coast,  Hydesville  in  the  Interior. 

In  Del  Nort«  County;  Ci-esent  City  on  the  coast. 

From  the  interior  plateau  belt,  proper,  we  have  no  data, 

rejH/jera^Hj-e.— The  mean  annual  tempefature  for  the  three  yeara 
1897-1809,  »s  recoi-ded  in  the  annual  summaries  of  thi!  Weather 
Bureau,  was  5(i  degrees  F.  The  highest  in  1809  was  IdS  degi-ees  in 
the  interior  at  Ukiah,  on  July  i!  and  other  days,  and  83  degrees  on 
the  coast  at  Crescent  City  on  September  15.  The  lowest  was  20 
degrees  at  Ukiah  on  February  5,  and  H'.i  <legrees  at  Chvscent  City  on 
February  4. 

The  last  killing  frosts  in  spring  were:  Februarj'  5,  at  Ukiali;  Feb- 
marj-  7,  at  Eureka;  May  9,  at  Cahto;  and  June  W  at  Creswnt  City. 
The  iiret  killing  frosts  in  autumn  occurred  on  October  li,  at  Crescent 
City;  October  35,  at  Cahto;  I>ecemI>or  i:)  at  Eureka  and  Uki.ih, 

'U.  S.  Dept.  of  Agriculture.WeatherBnreau.Calitomia  Section  (.f  the  Climate 
and  Crop  Service.     Annnal  Summaries  fi)r  ]S37.  ISIW,  and   189S.     San  Fraiicisi'o. 
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The  average  dates  of  killing  frosts  are  as  follows:  Last  in  spring, 
March  29  at  Eureka,  April  14  at  Ukiah,  and  May  10  at  ('reseent  City; 
first  in  autumn,  November  1  at  I'kiali,  Noveinl>er  7  at  Crescent  City, 
and  NoTember  30  at  Eureka. 

Precipitation. — The  total  annual  rainfall  la  invariably  heavier  in  this 
portion  of  the  State  than  in  any  other.  Even  in  the  drought  years  of 
1897  and  1898  the  annual  rainfall  exceeded  50  inches  at  Crescent  City 
and  40  inches  over  almost  the  whole  of  Humboldt  Connty.  In  1899 
the  maximum  was  86.55  inoheH  at  Creaeent  City,  The  following  table, 
based  upon  the  Government  reports,  shows  the  precipitation  that  may 
be  expected  each  mouth : 

Korinal  ■monthly  precipitation. 


IS 

nth. 

UMiih. 

Eureka.                        Month. 

L*ltiBh.  'eu 

™ka. 

Jannarr 

-W 

'  AnmiBt 

om 

Sm 

i.m 

The  snowfall  on  the  coast  is  usually  small,  1.5  inches  being  reported 
for  Upper  Mattole  and  only  a  trace  at  Ci-escent  City  in  1898,  4  inches 
at  the  latter  place  in  1899,  and  none  at  Eureka.  In  1898  Ukiah  had 
3  inches  of  snow,  but  in  1899  none.  However,  snow  is  reported  to  fall 
almost  evei^'  winter  on-  the  upland  ranges  near  Ukiah  and  on  the 
plateau. 

Pr&vaiting  winds. — During  these  three  years  the  prevailing  winds 
over  the  whole  region  are  reported  as  from  the  northwest. 

mWEHAEY. 

The  forage  conditions  of  this  region  wei-e  made  the  sub.jeet  of  an 
investigation  by  the  writer,  with  the  assistance  of  Mr.  Walter  0. 
Blasdale,  in  the  summei's  of  1899  and  1900. 

Three  trips  were  made,  of  which  the  routes  traversed  are  shown  on 
Map  III.  The  first  trip  o«!eupied  from  May  23  to  July  3,  1899,  and 
embraced  the  interior  plateau  section.  The  stage  road  was  followed 
from  Ukiah  t«  Eureka,  a  distance  of  about  18-)  miles,  passing  through 
Willits,  Sherwood,  Laytonville,  Cumraings,  Harris,  and  Scotia.  From 
Enreka  the  two  mountain  ridges  were  crossed  to  Hupa  Valley,  on  the 
Trinity  River,  about  50  miles  distant.  From  Hupa  a  ai<le  trip  was 
taken  to  the  summit  of  the  Trinity  Mountains  at  Trinity  Summit, 
aljout  7,0(Kt  feet  altitude.  From  Hupa  Valley  the  descent  of  the 
Klamath  River  from  Martins  Ferry  to  Requa  on  the  coast,  a  distance 
of  55  miles,  was  made  by  Indian  canoe.  From  Requa  the  stage  road 
was  followed  to  Crescent  City  and  Smith  River,  the  return  trip  to  San 
Francisco  being  umde  by  steamer. 
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The  second  trip  was  taken  alone  and  oeeiipied  from  July  15  to 
August  10,  1899.  The  route  followed  tlie  coast-bluff  belt  from  the 
Gualala  River  to  Kenny's,  thence  inland  to  Briceland  and  Warber- 
lille,  aud  down  the  Eel  River  Valley  to  Ferndale.  From  Femdale  a 
trip  was  taken  to  Cape  Mendocino.  The  return  to  San  Francisco  was 
a^rain  made  by  steamer,  this  time  fi-om  Eureka. 

A  third  and  supplementary  trip  was  made  in  the  summer  of  lEiOO, 
this  time  also  alone,  the  route  crossing  the  i-edwood  belt  twice,  the 
first  time  between  Willits  and  Fort  Bragg,  the  second  from  De  Haven 
Creek  to  Branscombs.  Two  days  were  also  spent  in  Lake  County,  the 
road  from  Ukiah  to  Upper  Lake,  by  way  of  Bine  Lakes,  being  taken, 
returning  by  way  of  Lakeport  and  Ilishland  Springs  to  Hopland. 

BAITGE  CONDmONS. 
THE  IXTERIOR  PLATEAU   REGIO.V. 


Numerous  mountain  valleys  (PI.  I,  fig.  1)  occur  in  Mendocino  County, 
on  either  side  of  Walker  Mountain,  the  watershed  which  separates 
the  Russian  River  and  Eel  River  drainage  lutsins.  South  of  the 
divide  lie  Ukiah,  Walker,  Potter,  and  several  other  small  valleys 
whose  streams  run  southward  into  the  Russian  River.  North  of  the 
divide  are  Little  Lake,  Sherwood,  Round  aud  Long  valleys,  on  the 
headwaters  of  Eel  River,  Hupa  Valley  is  on  the  Trinity  River, 
in  Humboldt  County.  Some  of  these  valleys  lie,  like  glacial  basins, 
at  the  headwaters  of  their  streams;  others  occur  a  few  miles  lower 
down,  at  slightly  lower  altitudes,  and  are  connected  with  the  first  by 
narrow  canyons.  On  account  of  the  narrowness  of  their  outlets,  some 
of  these  valleys  are  not  infrequently  flooded  at  the  time  of  the  winter 
rains.  The  highest  have  an  altitude  of  about  2,300  feet  above  sea 
level. 

Temperature. — Although  intensely  hot  days  occur  at  times,  the 
climate  is  usually  cool  and  humid,  except,  perhaps,  in  Hupa  and 
Round  valleys,  on  account  of  heavy  summer  fogs  which  creep  up 
from  the  ocean  and  hang  in  the  surrounding  tree  tops.  Long, 
uubroken  hot  spells  are  almost  unknown.  The  nights  are  cool.  In 
Sherwood  Valley  it  is  said  that  frosts  occur  everj'  month  in  the  year. 
Unfortunately  we  have  only  the  most  meager  meteorological  data  from 
this  section  of  the  region,  l»ut  observation  shows  that  the  rainy  season 
continues  later  into  the  summer  than  it  does  in  the  vicinity  of  San 
Francisco,  and  that  the  rainfall  is  probably  much  heavier  in  the  for- 
mer than  in  the  latter  region.     A  little  snow  falls  each  winter. 

Water  supply. — Perennial  springs  are  abundant,  flowing  freely  from 
all  the  higher  wooded  ridges.  Every  meadow  has  its  ownci-eek,  which 
in  most  eases  has  cut  a  channel  to  a  depth  of  from  3  to  (i  feet  througli 
the  soft  alluvial  soil,     {See  PL  IL) 
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Soils. — In  Little  Lake  Valley  aiifl  Sherwood  Valley  the  soil  appears 
to  have  I^een  formed  by  <ielta  deposition  in  the  Iwd  of  small  mountain 
lakes;  it  fonsists  of  a  moist,  sandy  loam,  whioh  is  deup,  exceedingly 
fei-tile,  and  appareutly  well  adapted  to  general  farmiog. 

The  following  report,  of  analyses  of  soils  from  localities  about  2 
miles  northeast  of  Willits  {probably  in  Little  Lake  Valley)  were  made 
in  IfiPl  by  Dr.  R.  H.  I^ughridge,  of  the  Agricultnral  Experiment 
Station  at  Berkeley."  The  samples  were  received  through  Mr.  S.  F. 
Swortfigiier,  of  San  Francisco,  who  says: 

A  large  p&rt  of  the  land  from  which  the  samples  were  taken  lies  about  23  miles 
inland  from  the  ocean,  and  ia  well  sheltered  on  the  west  from  the  coast  winds  by 
intervening  ridges  cxjvered.  witb  a  heavy  growth  of  redwood  timber,  and  from 
cold  winds  from  the  north  by  a,  heavy  growth  of  pine  [probably  Pinns  aabiniaiia 
or  P.  ponderoaa]  and  fir  [Pseudot»tiya  ta.vi/olia].  The  elevation  is  about  2,000 
feet  above  sea  level. 


The  samples 


re  taken  to  a  depth  of  22  inches, 

Analysff  of  aoila  near  WillUs,  Cat. 


Insoluble  matter 

Soluble  Billcii 

PuuwhiK^H 

Soda  lNtt.J)l 

LimeiCabi 

UBgneBiB  iHeOl 

MaasKBlc  oxld  iHDjOi 
Fei^coiidlFe^s).... 

AlamliiA  lAl-O.i 

PhoTOhorioa.idlP:<Jsl 
SnlpfiurtoacldiBt)ij.. 
Wsler  and  orguik:  mai 

Total 

Bygroscopl<:  molstare 


iBbHorbed  at 


rancbl.  I  ranchi.  iiYoung 


These  soils,  while  of  excellent  quality  as  a  whole,  are  rather  poor  in  lime,  as 
compared  with  others  of  the  State,  though  not  deficient.  They  share  with  other 
California  soils  a  large  proportion  of  potash  and  a  rather  low  one  of  phosphoric 
acid.  The  latter  is  doubtless  the  first  deficiency  that  will  make  itself  felt  unless 
it  be  that  of  humivs.  which  (as  the  soil  was  taken  to  22  inches  depth  mstead  of  0 
or  8)  could  not  be  determined  in  the  samples. 

As  regards  field  crops,  roots  and  not  grain  will  hold  ont  longest  on  these  soils. 
They  all  contain  so  mncb  gravel  that  cultivation  will  not  be  difficult,  and  rcKits. 
with  fair  tillage,  will  find  no  diflSculty  in  developing.  Their  moistnre  absorption 
is  satisfactory, 

•University  of  California  Agricultural  Experiment  Station:  Report  for  18B1-92, 
pp.  31-33;  report  of  analyses  of  wills  from  near  Willits.  Mendocino  Cownty. 
1S766— No.  \-2—0-2 -J 
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Aa  to  fmita.  grapes,  apples,  and  peare  wonld  wem  the  Iwet  suited  to  the  soils; 
stone  froits  will  donbtless  do  well  also,  bnt  with  heavy  crops  will  soon  require 
fertilizatioii  with  phosphates.  The  hill  soil  vonld  seem  especially  adapted  to 
peaches  and  high-class  wineH  and  almonds  if  the  climate  permits.  Apricots  should 
do  well,  especially  on  the  Yonng  ranch,  and  on  the  valley  land  if  not  liable  to  late 
frosting. 

Judging  by  the  large  size  reached  by  the  Madrotie  (Arbiitiu  Memiesii)  and 
other  forest  trees  on  these  soils,  a  similar  development  and  longevity  may  be 
looked  for  in  the  trees  adapted  to  the  soil,  where  its  depth  is  correspondingly  great. 
With  this  proviso  the  English  walnnt  in  the  valleys,  the  Italian  or  Japanese  chest- 
nut on  the  hills,  would  be  likely  to  do  well. 

Hound  Valley,  tlie  largest  of  the  valleys,  has  an  elevation  of  about 
l,(iOO  fe^t;  it  ia  said  to  l>e  alx>ut  7  miles  in  diameter  in  any  direction, 
and  to  contain  a  soil  which  is  a  rich  loam,  somewhat  gravelly  on  the 
west  side,  and  somewhat  adobe-like  on  the  east.  It  is  said  to  be  very 
fertile  and  to  produce  excellent  crops  of  wheat,  which,  however,  can 
at  present  be  grown  only  for  local  consumption,  on  account  of  the 
inaccessibility  of  a  good  market.  The  valley  contains  about  25,000 
acres  of  agrienltural  land.  The  rainfall  varies  from  ^A  lo  fiO  inches 
per  annum  and  the  mean  annual  temi>erature  is  (ill"  V.  "  In  189S  the 
valley  exported  8,000  hogs,  3.000  beef  cattle,  100  mules,  and  2,5IK)  mut- 
ton sheep;  il  also  produces  large  quantities  of  hay  and  an  average  of 
160,000  bushels  of  grain  per  annum," " 

Little  Lake  Valley  is  principally  employed  in  grain  raising,  produc- 
ing about  G0,000  bushels  annually.  The  average  yield  is  said  to  be 
20  bushels  of  wheat,  35  of  barley,  aud  40  of  oats. 

The  soil  of  Hupa  Valley  {PI.  I),  an  Indian  i-eservation  on  the 
Trinitj'  River,  is  very  gravelly,  dry,  and  poor.  Unlike  Little  Lake, 
Sherwood,  and  Long  valleys,  Ilupa  is  situated  many  miles  from  the 
headwatei-s  of  its  main  stream,  and  the  soil  is  evidently  more  nearly 
that  of  a  river  gravel  liar  than  of  an  alluvian  mountain  valley.  It  is 
poorly  adapted  to  the  production  of  agricultural  crops,  i-eturniug  only 
a  sparse  yield  of  grain. 

Agricultural  producUs. — Small  quantities  of  wheal,  fruit,  vegetables, 
and  poultry  are  raised  for  local  cimsuniptiou.  The  principal  export 
products  are  cattle,  sheep,  wool,  aud  hogs. 

Oats,  of  which  red,  black,  and  white  varieties  are  grown,  but  prin- 
cipally the  first  named,  together  with  a  little  wheat,  is  the  principal 
hay  crop.  It  is  said  that  Iwirley  does  not  succeed  well  in  these  high 
valleys,  yielding  only  about  two  tons  of  hay  to  the  acre,  as  compared 
with  five  tons  sometimes  obtained  in  Ukiali  Valley,  south  of  the 
di^-ide.  Some  Timothy  hay  is  grown  in  Sherwood  and  Long  valleys, 
yielding  about  three  tons  to  the  acre;  and  red-top  (Aijrostis  alba)  is 
reported  to  be  successfully  cultivated  in  a  few  places.  It  is  said,  how- 
ever, that  both  timothy  and  red-top  "run  out"  in  a  few  years,  which 
may  be  due  to  the  practice  of  pasturing  too  long  after  the  rainy  sea- 


•  Ukiah  Dispatch-Etemocrat. 
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8011  commences.  In  Long  Valley  it  is  fodnd  that  stock  can  be  fed  on 
timothy  aftermath  without  in  jurj"  to  the  crop,  provided  they  are  taken 
off  when  the  first  rains  fall. 

A  small  quantity  of  alfalfa  hay  is  produced  in  Long  Valley.  In 
this  part  of  the  State  there  is  still  a  great  deal  of  prejudice  against  it. 
It  is  considered  "too  soft"  for  either  horses  or  beef  cattle,  and  is  fed 
only  to  cows  and  hogs.  Much  of  the  dissatisfactton  is  undoubtedly 
due  to  feeding  alfalfa  alone.  The  addition  of  good  straw  to  the  ration 
{in  the  proportion  of  one-half  straw  to  one-half  alfalfa)  will  make  a 
well  balanced  and  highly  Yaluable  feed.  Moreover,  alfalfa  is  not  well 
adapted  for  pasturing,  but  should  be  soiled  or  fed  as  hay  or  silage. 
It  is  possible  that  the  summer  is  too  short  in  this  region  and  the 
temperature  not  sufficiently  high  for  the  profitable  cultivation  of 
alfalfa. 

The  cool  climate,  fertile  soil,  abundant  supply  of  runniog  water 
and  of  timber  for  fuel  and  fencing,  point  to  these  mountain  valleys 
as  being  ideally  adapted  to  dairying.  Nothing  is  done  in  this  line, 
however,  beyond  the  supply  of  the  small  local  demand,  on  account  of 
the  distance  from  a  shipping  point  and  the  cost  of  transportation  by 
rail.  From  Fort  Bragg,  the  nearest  coast  port,  Sherwood  Valley  is 
distant  about  20  miles,  over  an  exceedingly  rough,  mountainous  road 
with  a  descent  of  some  2,000  feet.  The  distance  to  TJkiah,  the  nearest 
railroad  dejwt,  is  about  35  miles,  the  road  crossing  two  steep  moun- 
tains. A  creamery  has  recently  been  started  in  Sherwood  Valley,  the 
output  in  1899  being'  over  20,000  pounds,  most  of  which  went  to  the 
Mendocino  Hospital.  A  creamery  has  been  established  in  Potter  Val- 
ley during  the  past  year. 

The  wild  meadoivs  and  pastures. — We  can  find  no  record  of  the  con- 
dition of  vegetation  in  these  valleys  before  farming  operations  were 
commenced.  An  approximate  idea  of  the  early  native  flora  can  be 
gained,  however,  from  the  present  vegetation  of  Sherwood  Valley, 
where  but  little  cultivation  has  been  practiced,  and  where  many  of 
the  meadows  appear  never  to  have  seen  the  plow.  Nevertheless,  it  is 
certain  that  the  quantity  of  valuable  native  species  has  been  mate- 
rially reduced  by  hea\'j'  grazing  in  the  ftftyrodd  years  of  occupation  by 
white  settlers,  thereby  increasing  the  relative  abundance  of  less  appre- 
ciated species.  Several  weedy  plants  have  been  naturalized  within 
recent  years.  Mr.  Sherwood,  who  settled  in  1853  in  the  valley  which 
bears  his  name,  and  who  was  the  first  white  settler  there,  took  the 
writer  to  a  point  some  distance  from  his  house  to  point  out  danthonia 
(Danthonia  californica)  as  the  grass  which  was  the  most  abundant  on 
hillside  and  valley  floor  and  which  formed  the  favorite  and  most 
nutritious  forage  plant  when  he  first  brought  cattle  into  the  valley. 
This  grass  is  now  scarce  in  the  vicinity. 

In  Sherwood  Valley  the  three  grasses  now  prevalent  are:  {\)  Bromus 
Tocemosus  commutnttis;    (2)  B.  hordeaceus  glabrescens;   (3)  Holcus 
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lanafiis  (Velvet-grass,  locally  called  "  mesquite.")  These  three  are 
not  indigenous,  but  have  become  naturalized  from  Europe  as  wee<l8, 
and  oc«'upy  the  place  of  native  plants  probably  of  greatervalue. 

flther  naturalized  species  commonly  met  with  are:  Soft  chess 
{Broriiiis  horfleaceiis),  silvery  hair-grass  {Aira  cnryophyllea),  small 
barley -grass  {Hordeum  nmrlthnum  gussoneanum),  which  is  abundant 
in  spots  where  other  grasses  do  not  thrive,  and  rat-tail  fescue, 
locally  called  squirrel-tail  (Fesfuca  myiiros  var.  cilkiia  and  var. 
sciuroides).  Broneho-grass  {Bromtis  m<iximnn  (jussoni)  is  occasion- 
ally met  with,  but  at  pi'esent  only  sparingly.  If  conditions  prove 
as  favorable  to  its  development  here  as  in  the  San  Francisco  Bay 
counties,  however,  it  is  likely  to  become  a  prevalent  and  trouble- 
some weed.  At  present  it  is  said  that  stock  do  not  like  it,  even  while 
young,  soft,  and  tender,  l>efore  it  heads  out,  and  aft*r  heading  out  ita 
long  awns  are  objectionable.  Red-top  (Agrostis  <dha)  and  timothy 
(Phleinii  }>rate>ifie)  have  been  introduced  as  forage  ])lants  and  are 
occasionally  met  with,  but  have  almost  entirely  "run  out." 

The  only  native  grasses  met  with  iu  the  meadows  are  noted  here. 
Tufted  hair  grass  {Detichnmpsia  ctpspiiosa)  forma  large  tusso<*ks  and 
may,  perhaps,  l>e  of  some  use  for  grazing,  but  is  valueless  for  hay  as 
its  scattered  and  tufted  habit  of  gro^vth  renders  it  almost  impassable 
with  a  mowing  machine;  it  is  not  considered  of  much  value  by  the 
farmers.  Slender  hair  grass  (Descliampsia  elonijain)  sevms  to  occur 
in  two  or  three  forms.  One  of  these  is  verj-  common  in  wet  places, 
and  another  equally  abundant  in  drier  spots.  An  Agrostis  (A. 
exdraUi  microphylia)  is  common  in  wettish  places.  Occasional  speci- 
mens of  meadow  barley  grass  {Hordeiim  nodosum),  danthonia  {Dan- 
ihonici  ralifornicu),  and  prairie  June  graas  {Koehrki  irristnto)  also 
occur.  California  fescue  (Fentuca  cnlifoniica)  is  quitecommon  along 
the  Iwrders  of  streams  near  the  e<lge  of  the  woodlands,  forming  large 
and  handsome  tussocks,  but  as.a  forage  plant  it  is  somewhat  harsh 
and  coarse.  Two  or  three  species  of  sedge  and  a  rush  are  very  com- 
mon, but  probably  have  little  nutritive  value.  Blue  canary-grass 
{Phalaris  anteihystina)  occurs  along  the  edge  of  the  ledwood  forest. 
In- the  streams  and  swamps  a  species  of  Pluropogon  and  Panicidaria 
Jfuilfins  are  quite  common,  and  slough-grass  (Beckmannirt  e.nirct.- 
formis)  is  sometimes  met  with;  the  latter  ia  reported  as  having  been 
very  plentiful  in  the  sixties. 

Of  forage  plants  other  than  grasses  and  sedges  the  following  native 
clovei-s  are  quite  common:  TrifoUum  dirhol-omuiii  var.,  T.  microdon, 
T.  harbiyerum,  T.  bifidiim  deripien-i,  T.  micrwephohim,  T.  womisJc- 
joldii  var.,  T.  vnneyatiim,  and  T.  Iridenhiluiii.  T.  depmiperatum 
and  T.  lomjipen  var.  are  also  met  witli,  though  only  sparingly.  As  a 
forage  plant,  the  bull  clover  (7*.  woi-makjoldii  var.)  Is  the  most  val- 
uable species,  in  damp  places  sometimes  growing  3  or  3  feet  high, 
and  being  a  favorite  food  of  both  cattle  and  Indians,  who  eat  it  raw — 
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leaves,  stems,  flower  heads,  and  all — like  a  salad.  T.  longipes  var. 
forms  tufta  of  several  stems  from  a  stout,  perennial  rootBtocit,  and  is 
worth  experimental  oiiltureas  a  fomge  plant.  T.  variegatum  is  com- 
mon in  wet  places  and  is  closely  eaten  by  cattle;  it  is  one  of  the  most 
promising  native  species.  Lotus  pinnatus  is  a  common  leguminous 
plant  of  wet  places,  and  may  be  of  some  value  as  forage.  Rib 
grass  (Plantago  lanceolata)  has  become  naturalized,  but  is  not  yet 
abundant. 

Though  the  various  grasses,  sedges,  and  rushes  together  form  the 
largest  proportion  of  the  meadow  vegetation,  and  native  clovers  are 
plentiful,  other  and  less  valuable  plants  abound,  occupying  space 
which  could  be  filled  with  species  of  greater  economic  value.  A  but- 
tercup {Ranunculus  occidentalts)  forms  laz^  yellow  patches  in  the 
open  meadow,  while  in  marshy  spots  the  camass  (Cajiinss^io  escvlfnta) 
produces  masses  of  bright  blue  flowers  in  early  summer.  A  species 
of  Veralrum,  not  in  flower  at  the  time  of  our  visit,  is  quite  common, 
and  is  reported  as  being  poisonous  to  stock.  A  species  of  Orthocar- 
pus,  with  yellow  flowers,  is  the  prevalent  meadow  weed,  and  forms, 
together  with  blue-eye  grass  (SisyrincMum)  and  camass,  brilliant 
masses  of  color,  gold  and  blue,  in  the  months  of  May  and  .Tune. 
Species  of  Polygonum,  Eunanus,  CoUinsia,  Lupinus,  Agoseriti,  Zyga- 
denus,  Achillea,  and  Lotus  also  occur  in  varying  abundance.  Sorrel 
{Rumex  acetoseUa)  has  found  its  way  into  Hupa  Valley,  and  is  met 
with  elsewhere  in  the  region.     It  is  one  of  the  most  pernicious  weeds. 

Forage  valve  of  (he  wUd  vieadows. — The  composition  of  the  herbage 
in  these  wild  meadows  does  not  give  indication  of  high  forage  value; 
the  grasses  are  for  the  most  part  weedy  species,  producing  compara- 
tively little  foliage.  The  hay  produced  is  poor  in  quality  and  is  not 
eaten  greedily  by  stock.  Much  of  it  is  trampled  under  foot  as  waste. 
Mr.  C.  W.  Bradford,  of  Sherwood,  states  that  about  3  tons  of  wild  hay 
to  the  acre  may  be  considered  an  average  yield  in  the  valley,  and  that 
about  50  head  of  cattle  can  usually  he  pastured  for  some  five  months 
on  100  acres  of  valley  pasture.  When  danthonia  and  native  clovers 
were  the  prevalent  species,  the  carrying  capacity  of  meadow  and 
pasture  was  probably  much  greater.  On  account  of  the  abundant 
water  supply  and  peculiar  climatic  condition  enjoyed  by  these  moun- 
tain ^'alleys  there  are  few  places  in  the  State  of  California  which  give 
better  promise  for  the  formation  of  good  permanent  meadows  and 
pastures.  With  the  evidence  before  us  of  wliat  is  actually  being 
accomplished  in  the  Eel  River  Valley,  in  Humboldt  County,  there  is 
no  apparent  reason  why.  with  the  cultivation  of  the  best  adapted  and 
most  nutritious  forage  plants,  at  least  5  tons  of  hay  per  acre  should 
not  be  raised,  and  the  carrying  capacity  of  100  acres  be  raisetl  from  50 
head  of  horned  stock  for  five  months  to  100  head  for  twelve  months. 

Improvement  of  pasture  and  meadoic. — In  order  to  produce  such  a 
desirable  condition,  the  work  of  renewing  meadow  and  pasture  must 
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be  undertaken  in  a  practical  manner  and  one  giving  promise  of  eue- 
eess.  The  mere  scattering  of  seed  of  a  desirable  species  without 
preparation  of  soil  or  further  attention  is  not  likely  to  afford  material, 
if  any,  improvement.  It  should  also  be  borne  in  mind,  in  this  connec- 
tion, that  the  humidity  of  atmosphere  and  soil  are  important  fac- 
tors in  the  problem,  and  that  if  by  the  destruction  of  the  forests  and 
woodlands,  which  attract  moisture,  induce  precipitation,  and  conserve 
the  springs  from  which  streams  and  rivers  arise,  the  valleys,  at  pres- 
ent moist  and  fertile,  are  reduced  to  the  condition  of  aridity  met  with 
in  some  other  legions  of  the  State,  the  chance  of  increasing  the  stock- 
carrying  capacity  will  be  destroyed. 

To  get  rid  of  the  tussocks  formed  by  tufted  hair  grass  and  Cali- 
fornia fescue,  to  remove  weeds,  and  to  give  the  new  forage  plants  a 
fair  chance,  the  ground  should  be  plowed  in  the  spring  to  a  sufficient 
depth  to  bury  the  turf  thoroughly.  It  should  then  be  allowed  to 
summer  fallow  for  a  period,  iu  order  that  the  sod  may  rot  thoroughly. 
The  surface  will  require  harrowing  during  the  summer,  probably 
several  times,  in  order  to  destroy  successive  crops  of  annual  weeds 
and  to  kill  out  the  roots  of  perennial  sedges  and  rushes.  Sowing 
should  be  performed  as  early  in  the  fall  as  possible,  that  the  seed  may 
benefit  by  the  warm  soil  and  the  full  rainfall  of  the  growing  season. 

The  preparation  of  a  permanent  pasture  is  greatly  facilitated  if  a 
nurse  crop  of  wheat,  barley,  or  oats  is  grown,  as  it  protects  the 
young  grasses  dwring  spells  of  north  wind,  frost,  etc.  It  also  utilizes 
the  soil  while  the  other  plants  are  getting  a  start,  and  is  of  great  value 
in  keeping  weeds  in  check.  This  nurse  crop  is  preferably  grown  for 
soiling,  rather  than  for  hay  or  seed,  as  otherwise  it  shades  the  young 
plants  of  the  permanent  crop  for  too  long  a  period  and  takes  too  much 
nutriment  out  of  the  soil.  For  the  same  reason  only  a  thin  sowing  of 
grain  is  made,  half  of  the  usual  quantity  of  seed  being  considered 
quite  sufficient.  In  some  places  rj'e  or  wheat  are  considered  the  most 
desirable  nurse  crops.  Oats  occupy  the  ground  too  long,  it  is  claimed, 
and  are  too  easily  "lodged"  to  be  satisfactory. 

If  the  plowing  up  of  the  wild  meadows  is  considered  too  expensive 
or  is  impi-acticable,  the  simpler  but  moeh  less  satisfactory  method  of 
sowing  new  grasses  among  the  old  may  be  resorted  to.  Iu  this  case 
only  about  one-third  of  the  seed  required  for  a  new  pasture  will  be 
needed.  The  pasture  must  be  thoroughly  harrowed  at  the  time  of  the 
first  fall  rains  in  order  to  pieserve  a  seed-bed  in  which  the  new  seeds 
can  germinate. 

In  the  East  and  elsewhere  it  is  found  advantageous  in  the  prepara- 
tion of  a  permanent  pastui-e  to  sow  a  mixture  of  different  species  of 
grasses  instead  of  only  one  kind,  for  the  following  reasons;  Some  of 
the  best  forage  grasses  do  not  make  a  crop  until  the  second  or  even 
the  third  year;  others,  while  in  themselves  valuable,  do  not  stool-out 
or  cover  the  ground  completely,  so  that  other  and  low,  prostrate  spe- 
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cies  sre  needed  to  fill  the  spaces  between  them.  Some  speciee  make 
an  early  and  some  a  much  later  growth;  some  flower  early  and  others 
late,  and  it  adds  mach  to  the  value  of  a  permanent  pasture  if  the  dif- 
ferent species  composing  it  mature  at  different  periods. 

A  total  of  from  30  to  40  pounds  of  seed  per  acre  is  recommended  for 
new  pastures  if  the  best  results  are  to  be  obtained.  It  is  better  to  err 
on  the  side  of  too  much  than  too  little  seed;  for,  if  the  ground  is  not 
well  covered  at  first,  weeds  will  quickly  occupy  the  bare  spaces,  and 
they  are  much  harder  to  eradicate  when  once  established  than  to  keep 
out  from  the  start.  Experience  proves  that  "thicker  seeding  more 
than  repays  its  extra  cost." 

Forage  plants  recommended  for  trial. — Only  experimental  culture 
on  the  spot  can  finally  determine  which  species  are  best  adapted  to 
any  one  locality  or  soil;  nevertheless,  much  waste  of  time,  efEort,  and 
expense  can  be  avoided  by  studying  the  results  already  obtained  from 
experiments  condncted  elsewhere.  For  several  years  the  collection 
and  study  of  forage  plants  has  been  made  a  prominent  feature  of  the 
workof  the  Agricultural  Experiment  Station  of  the  University  of  Cali- 
fornia, at  Berkeley.  These  experiments  have  shown  that,  while  many 
forage  plants  of  great  value  elsewhere  are  not  adapted  to  the  climatic 
conditions  of  California,  there  are  several  which  can  be  successfully 
cultivated. 

The  following  list  includes  the  more  nutritions  of  those  species 
which  experience  proves  most  likely  to  be  successful:  Orchard  grass 
{Dactylia  glomeratd),  reed  fescue  {Festuca  arundiruicea),  many- 
flowered  millet  grass  {Oryzopais  miliacea),  tall  oat  grass  {Arrhen' 
aiherum  elatius),  awnless  brome  grass  {Bromus  inermis),  red  fescue 
{Featuca  rubra),  rescue  grass  {Bromus  icil^deTwtvii),  timothy  {Phleum 
pratense),  meadow  foxtail  {Alopecurus  pratensis),  creeping  bent  or 
florin  {Agrostis  alba  stolonifera),  Italian  ray-grass  (Loliuvi  Ualicum), 
red  clover  {Trifoliuvi  pratense),  perennial  white  clover  {TrifoUum 
reiJens),  alsike  clover  {TrifoUum  hybridum). 

Orchard-grass  has  already  been  tried  with  some  success  between 
Willits  and  Sherwood,  in  shady  places.  It  is  said  to  start  more  rap- 
idly and  to  make  a  better  growth  if  the  ground  is  burned  over  before 
sowing.  It  is  grown  successfully  as  a  forage  plant  in  the  vicinity  of 
Enreka,  and  has  become  naturalized  near  Berkeley  and  near  Cres- 
cent City. 

Timothy  has  been  tried  in  Sherwood  Valley  and  I^ong  Valley,  and 
is  still  iised  as  a  hay  crop  in  some  places.  It  is  not  generally  liked, 
however,  on  account  of  a  bad  tendency  to  "run  out"  after  a  short 
time.  This  tendency  is  probably  not  inherent,  however,  and  may 
be  caused  either  by  overstocking  or  by  the  practice  of  pasturing 
late,  after  the  ground  has  been  softened  by  heavy  rains,  a  method 
which  causes  injury  to  the  roots,  especially  where  there  is  an  absence 
of  thick  turf.     Timothy   has  become  naturalized   in   northwestern 
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California,  at  Requa,  Crescent  City,  and  elsewhere,  and  it  is  eWdent, 
therefore,  that  it  is  not  unsuited  to  the  climatic  conditions  of  the 
region. 

Tall  oat  gras?,  on  account  of  its  phenomenally  rapid  development, 
is  useful  as  a  nurse  crop  for  orchard  grass  and  other  species  of  com- 
paratively slow  growth.  Reed  fescue,  nianj' -flowered  millet  grass, 
awnless  brome  grass,  and  rescue  grass  have  lieen  grown  success- 
fully at  IJerkeley  and  elsewhere  in  the  State.  Red  fescue  and  creep- 
ing bent  are  valuable  as  "  bottom  grasses,"  producing  a  large  amount 
of  tender,  succulent  herbage  close  to  the  ground.  Italian  ray-grass 
and  the  red,  white,  and  alsike  clovers  are  extensively  cultivated  as 
forage  plants  in  the  Eel  River  Valley. 


The  most  extensive  open  ranges  of  the  region  are  found  in  the 
interior,  on  that  portion  of  the  plateau  lying  ea«t  of  the  redwood  belt, 
and  on  the  adjacent  mountain  slopes.  The  Igng  ridges  into  which  the 
plat«au  has  been  eroded  vary  in  altitude  at  their  inland  end  from 
about  2,000  to  4,000  feet,  while  the  t)eaks  of  the  ridge  forming  its 
eastern  l>oundary  attain  a  height  of  8,000  feet  in  Mount  Linn  and 
9,000  feet  in  Mount  Eddy. 

The  view  from  the  higher  ridges  is  extensive;  on  the  western  hori- 
zon lies  the  ocean  as  a  background.  In  the  foreground  ridge  after 
ridge,  heavily  clothed  with  timber  and  divided  by  deep,  dark  canyons, 
slope  gently  to  the  shore  line,  some  IS  miles  away.  Eastward  the 
eye  wanders  over  bleak  grass-covered  ridges,  brown  and  dry  under  a 
scorching  June  sun,  upwai-d  to  the  peaks  of  the  South  Yallo  BoUey, 
35  miles  distant,  which  are  about  7,000  feet  in  height  and  are  still 
capped  with  snow  in  the  month  of  June.  At  the  bottom  of  deep  can- 
yons glimpses  are  occasionally  caught  of  the  broad  bends  of  Middle 
Fork  of  Eel  River. 

The  summits  of  the  ridges  and  part  of  their  western  slopes  are  for 
the  most  part  destitute  of  trees  and  brush,  but  densely  clothed  with 
grass.  These  open  slopes  form  what  is  known  as  the  open  summer 
or  annual  range.     {See  PI.  Ill,  fig.  1.) 

In  very  few  places  is  the  ground  too  rocky  and  the  soil  too  sc^nt  and 
poor  to  furnish  abundance  of  grass.  A  few  such  places  occur,  how- 
evei',  and  are  covered  with  a  dense  growth  of  hardy  shrubs,  forming 
what  is  locally  known  as  the  "chaparral"  or  "chamisal."  (See  PI, 
III,  fig.  2.) 

The  eastern  slopes  and  canyon  Itottoms  are  for  the  most  part  thickly 
covered  with  trees  and  underbrush — "browse,"  as  it  is  called  in  the 
vernacular.     These  areas  form  the  woodland  or  winter  range. 

Temperature. — On  account  of  the  altitude  and  exposure  of  the 
plateau  its  open  ridges  are  subject  to  a  low  winter  temperature,  while 
in  summer  the  days  are  intensely  hot  and  the  nights  cool.     The  sum- 
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FiQ.  1.— The  open  Ranqe.   Summit  of  the  Plateau  above  Harris,  lookinq  East. 
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mer  temperature  in  not  lowered,  as  on  the  eoawt  and  in  some  of  the 
mountain  vallej-s,  by  any  sunshade  in  the  form  of  banks  of  high  fog. 

Precipifaiion. — Over  a  large  part  of  northern  and  middle  Cali- 
fornia the  rainy  season,  which  is  also  the  season  of  plant  growth, 
eemmences  with  the  latter  part  of  Septemlier  or  eariy  October  and 
ends  in  April  or  May,  varjing  with  the  year;  the  remaining  three  to 
five  months  constitute  the  dry  or  dormant  season.  In  this  particular 
section  of  the  region,  however,  showers  usually  continue  through 
May,  and  frequently  into  June,  while  August  sometimes  brings  thun- 
derstorms; in  August,  18ft9,  the  rainfall  varied  in  different  localities 
from  0.10  to  1  inch.  Mr.  Bell,  of  Bells  Springs,  states  that  July  is 
usually  the  only  month  in  the  year  entirely  free  from  rain.  Mr. 
Tooby,  of  Harris,  gives  the  mean  annual  rainfall  at  that  station  as 
about  40  inches.  Reports  from  other  points  show  that  it  is  no  less 
elsewhere,  and  possibly  greater.  Some  snow  usually  falls  on  the 
plateau  each  winter.  The  open  ridges  are  not  subject  like  the  coast 
bluHs  to  sea  fog  with  its  refreshing  moisture. 

Water  supply. — Ephemeral  springs  are  common  on  the  ranges  in 
the  winter  months,  but  quickly  dry  up  with  the  advent  of  summer. 
Though  excellent  perennial  springs  occur  here  and  there  on  the  high 
ridges,  they  are  usually  far  apart,  and  the  dusty  traveller  may  pass 
many  a  weary  mile  l)efore  finding  a  good  camping  place.  Along  the 
gulches  and  steep  sides  of  the  canyons,  however,  water  is  always  to 
be  found  within  accessible  distance  for  stock,  (See  PI.  V,  fig.  2).  In 
such  places  the  springs  never  dry  up,  doubtless  on  account  of  the 
protection  and  shade  afforded  by  the  timber  and  bnish. 

Soilx. — The  plateau  soils  consist,  for  the  most  part,  of  gra\'elly, 
yellow-brown,  or  reddish  clays.  A  comparison  of  analyses  of  these 
and  of  the  mountain  valley  soils  is  given  on  page  17. 

From  the  nature  of  its  physical  conditions  the  npland  range,  which 
forms  by  far  the  largest  portion  of  this  section  of  the  country,  is  never 
likely  to  be  devoted  to  any  other  use  than  grazing,  being  unfitted  for 
the  general  production  of  agricultural  or  timber  erop.H.  Whatever 
can  be  done,  therefore,  to  improve  the  ranges  will  benefit  one  of  the 
most  important  industries  of  the  region. 

At  present  the  two  industries  of  beef  cattle  and  sheep  raising  are 
of  about  equal  importance. 

THE  OPEN,  SUMMER,  Oa  ANNUAL  RANGE. 

As  before  noted,  the  open  ranges  occupy  the  summits  and  westeni 
slopes  of  the  plateau  ridges  as  well  as  the  slopes  of  the  higher  moun- 
tains forming  its  eastern  boundary. 

Grasses  and  other  forage  jilanls. — The  prevailing  grasses  are:  (1) 
Rat-tail  fescue,  locally  called  "squirrel-tail"  and  "poverty  grass" 
{Fesiuca  my  uros  r  il  iafa)  sratill  barley  grass  (Horde  tim  tiiarithrutm  yits- 
soneanum) ;  (3)  Soft  chess  (Bromiis  hordeaceus  and  var.  gtabrescens). 
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One  or  other  of  these  naturalized  and  somewhat  weedy  foreign  spe- 
cieB  forma  the  principal  covering  of  every  open  range.  The  two  first 
named  are  the  most  common,  but  as  a  rule  they  are  not  found  in 
equal  abundance  on  the  same  range;  mile  after  mile  is  covered  with 
small  barley  firass  which  predominates,  almost,  but  not  entirely,  to 
the  exclusion  of  rat-tail  fescue;  over  another  area  the  case  may  be 
exactly  reversed,  rat-tail  fescue  becoming  the  prevalent  species.  Both 
are  weedy  gi'asses,  only  considered  valuable  when  young  and  tender; 
it  is  said  that  stocli  will  not  touch  them  after  they  "  head  out."  Soft 
chess  is  considered  highly  nutritions  when  the  seeds  are  ripe,  stock 
eating  the  "heads"  greedily;  perhaps  on  this  account  it  is  less  abun- 
dant than  either  of  the  others.  The  intermittent  occurrence  of  the 
two  first-named  grasses  may  be  due  to  their  exotic  origin,  the  species 
first  introduced  onto  a  range  becoming  the  prevalent  one.  The  fact 
that  botJi  are  weedy  grasses,  and  that  neither  one  of  them  seems  to 
be  better  adapted  to  range  conditions  than  the  other,  nor  is  eaten  by 
cattle  after  maturity,  seems  to  indicate  that  in  their  case,  at  least, 
absence  from  certain  places  is  not  due  to  selection. 

In  addition  to  these  three  grasses  the  range  feed  is  chiefly  com- 
posed of  alfilerilla  (mostly  Erodium  cictttarium,  E.  mosehatum  being 
rarely  met  with),  wild  clovers,  the  prevailing  species  of  the  tatter 
being  Trifolium  bifidum  decipiens,  T.  microcephaluvi,  and  forms 
of  T.  dichotomwm.  "Bear  Clover"  {T.  furcaium  virescens)  is  com- 
mon in  certain  situations,  especially  in  moist  "slidy"  day  soiU,  and 
T.  variegatum  in  moist,  springy  places.  T.  cyatkiferum  is  only  spar- 
ingly met  with.  T.  tridenfahim  is  especially  abundant  on  ungrazed 
roadsides  and  ranges;  its  flowers  have  a  pleasant,  honey-like  odor, 
and  are  very  attractive  to  bees. 

All  of  the  above-named  forage  plants  are  shalh>w-rooted  annuals, 
ephemeral  in  charaetev  and  entirely  dependent  upon  the  opportunity 
to  mature  and  scatter  seed  for  the  reproduction  of  their  kind.  Per- 
ennial herbaceous  plants  are  not  at  all  common,  except  in  occasional 
and  remote  spots.  The  only  perennial  grasses  noted  on  the  dry,  open 
hillsides  were:  licmmon's  bunch  grass  {Slipn  lemmoni),  Calitornia 
melic  grass  {Melica  califomicu),  a  variety  of  red  fescue  {Festttcarubra 
var.),  a  variety  of  sheep  fescue  {Fesluca  ovina  var. ),  danthonia 
{Danthonia  calif ornica),  Sikmion  villosum,  Elyvius  angitstifoliua, 
and  one  or  two  species  of  Poa.  On  some  of  the  more  closely  grazed 
ranges  these  perennial  species  are  seldom  seen,  and  occur  in  such 
small  quantities  as  to  be  noticeable  by  their  scarcity.  Their  rarity 
may  be  due  to  the  fact  that  they  are  not,  as  a  rule,  turf-forming 
species,  but  tnfted  grasses  ("bunch-grasses"),  and  therefore  poorly 
adapted  to  withstand  trampling  and  grazing  by  stock.  Danthonia  is 
reported  to  have  been  much  more  plentiful  in  former  years — in  fact, 
the  most  abundant  forage  plant,  as  it  still  is  in  some  other  parts  of 
the  State — and  it  is  said  to  have  gradually  succumbed  to  sheep  graz- 
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ing.  It  is  considered,  par  excellence,  Ihe  "bunch-grass"  of  the 
ranges,  and  sometimes  grows  so  thickly  as  to  form  an  excellent  turf, 
giving  promise  of  nsefuLaess  under  cultivation  for  pastures,  though 
too  short  for  hay.  TrtfoUum  scorpioides,  though  only  locally  met 
with,  is  not  uncommon  in  partial  shade,  under  oak  trees;  it  has  a 
large,  subfuslform  perennial  root,  and  may  prove  worthy  of  cultiva- 
tion; its  flowers  are  fragrant  with  a  peculiar  and  characteristic  odor. 
These  ranges  are  designated  annual  ranges,  because  the  forage  plants, 
now  abundant  and  characteristic,  are  annual  species  of  short  life,  in 
contradistinction  to  the  perennial  ranges  met  with  more  frequently  in 
the  coast-bluff  section,  where  danthonia,  tufted  hair-grass,  and  other 
perennial  grasses  still  nbouud. 

Weeds. — With  the  exception  of  the  two  prevalent  annual  grasses, 
mt-tail  fescue  and  small  barley  grass,  weeds  are  comparatively  rare 
o-n  the  open  range-s  north  of  Cummings.  Annual  weeds  are  practi- 
cally restricted  to  a  few  species  of  Bceri  (the  genus  next  best  repre- 
sented as  regards  number  of  individuals),  iMpinus,  Achyrachana, 
Agoseris,  Microcarpus,  and  a  few  others.  Hawkbit  {Hypochieris 
glabra)  is  establishing  itself  in  places,  and  is  likely  to  cause  serious 
injury  to  the  range  pasture.  "Tacalote"  {Centaurpa  mditensis)  is 
common  and  very  troublesome  on  ranges  near  Ukiah;  its  prickly 
"bars"  are  apt  to  decrease  the  value  of  wool.  Silvery  hair  grass  {Aira 
caryophyUa)  and  quaking  grass  {Briza  minor)  are  common  at  Elk 
Prairie,  and  fine  hair  grass  {Aira  capiUaris)  occurs  on  Bair's  sheep 
range  at  Redwood  Creek;  these  plants  are  valueless  for  forage,  and 
occupy  space  which  should  be  filled  by  useful  species. 

Cocklebur  (Xanthium  canadense)  is  reported  from  the  Traver 
range,  near  Cummings,  a  few  plants  having  been  noticed  in  1876, 
which  are  supposed  t«  have  been  introduced  with  cattle  from  the 
Sacramento  Valley.  According  to  Mr.  Joseph  Clarke,  it  has  t>een 
exterminated.  Broncho  grass  {Bromits  mfurimiis  yuesoni)  first  ap- 
peared on  the  Burns  place,  near  Cahto,  in  1879  or  1880,  according  to 
Mr.  Clarke;  it  is  now  spreading  throughout  the  region.  If  cut  before 
the  heads  mature,  this  grass  will  make  good  silage,  and  at  the  same 
time  its  rapid  spread  will  be  checked. 

MihgmsB  [Plantago  lanceolaia)  has  become  abundant  on  some  ranges 
and  is  said  to  have  reduced  the  carrying  capacity  from  4  or  5  acres 
to  10  acres  to  a  head. 

Perennial  weeds  are  less  frequently  noticed,  wild  sunflower 
{Wyethia)  being  as  common  as  any.  Sorrel  (Eumex  acetoselia), 
perhaps  the  most  pernicious  of  all  perennial  range  weeds,  has  found 
its  way  into  some  of  the  ranges. 

THE  PRAIRIES. 

The  word  "prairie,"  as  used  in  Mendocino  and  Humboldt  coun- 
ties, may  be  broadly  defined  as  any  small  open  space  among  the 
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timber,  whether  covered  with  grass  or  with  dwarf  brush.  AloiiR  the 
coast  of  Mendocino  County  the  name  ia  applied  to  the  areas  of  light, 
sandy  "white-asli"  soil  covered  with  dwarf  scrub  and  surrounded 
by  timber.  In  the  interior  the  "prairies"  ai-e  open  pastures  sur- 
rounded by  either  timber  or  brush. 

"Prairie"  pastures  usually  occur  in  comparatively  low  altitudes, 
as  on  the  west«m  slopes  of  the  hills  which  fonn  the  eastern  wall  of 
Russian  River  Valley  {PI.  IV,  fig.  1),  where  the  timber  is  composed  of 
oak.  Oa  Walker  Mountain  they  ascend  somewhat  higher  and  are 
surrounded  by  brush  of  manzanita,  deer  brush,  mountain  mahogany, 
wild  lilac,  etc. 

Around  Sherwood  Valley  the  prairies  occupy  the  lower  slopes, 
between  the  meadows  and  the.wooded  hillt-ops  (PI.  IV,  fig.  2),  wliile  in 
the  central  portion  of  Humboldt  County  they  form  comparatively  large 
open  clearings,  several  acres  in  extent,  on  knolls  Ijordered  by  spruce 
and  flr  woods,  as  at  Elk  Prairie,  Kneeland  Prairie,  and  elsewhere. 

Wherever  these  inland  prairies  occur  the  grasses  and  other  forage 
plants  are  practically  identical  with  those  of  the  adjacent  open  ranges, 
of  wliich  they  are  simple  continuations  like  the  bays  and  inlets  along 
the  shores  of  aa  ocean. 

THE  WOODLAND  OB  WISTER  RANGE. 

The  gulches  and  steep  sides  of  the  canyons,  especially  their  eastern 
slopes,  are  thickly  covered  with  trees  and  underbrush.  Several  species 
occur,  and  there  appears  lo  be  little  of  the  preponderance  of  one  kind 
over  another  whi<rh  characterizes  the  river  bottom  lands. 

Tr^cs. — The  prevalent  trees  are:  Douglas  spruce  {Pseudofsuga  faxi- 
folia) ;  Black  or  Kellogg  oak  (^ercits  californica),  which  is  the  largest 
species  of  oak  in  Mendocino  County,  sometimes  (i  or  7  feet  in  diameter 
and  with  50  feet  of  trunk  clear  of  branches  (Clarke);  white  oak 
{Quereits  garryana);  tan  oak  {Quercua  densiflora),  sometimes  attain- 
ing 130  feet  in  height  and  7  feet  in  diameter,  one  measured  by  the 
writer  on  the  Clarke  ranch  having  a  circumference  of  30  feet  at  1  foot 
from  the  ground,  one  of  its  branches  measuring  11  feel  9  inches  in 
circumference  at  7  feet  from  the  trunk,  and  five  or  six  limbs  nearly  9 
feet  in  circumference;  Madrofle  {Arbufus  memiesH);  and  along  the 
streams,  pepper  wood  {UmheUularia  californica).  Less  abundant, 
but  by  no  means  uncommon,  are  the  yellow  pine  {Piitus ponderosa), 
chinquapin  (Casfajwpsis  clirysophylla),  Oregon  maple  (Acermacro- 
phyUuin),  and  tree  dogwood  (Cormis  nidfallii).  The  California  nut- 
meg (Tumion  caJifornieum),  incense  cedar  (Libocedriis  decurrens), 
and  Oregon  ash  {Fraxinus  oregatia)  are  occasionallj'  met  with,  and 
the  sugHv  pine  (Pimis  Imnbertianu)  occurs  on  Mount  Sanhedrin.  The 
redwoo<l  (S€(pioia  sempervirens)  scarcely  ever  grows  beyond  the  limit , 
of  its  own  particular  belt  or  isolated  gi-ove.  The  valley  oak  (^KercMS 
lobata),  golden  oak  {Q.  chrysolepis),  and  olber  trees  occur  in  the 
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plateau  section,  but  do  not  form  a  characteristic  feature  of  the 
wood  la)  id. 

Underbrush. — The  woodland  is  frequently  fringed  with  a  belt  of 
manzanita  {Arctosbiphylo-i).  In  the  woods  there  is  abundance  of 
underbrush,  in  which  the  deer  find  shelter  and  on  which  they  browse. 
It  consists  principally  of  hazel  (Coryhts  roslrala  caiifornica),  poison 
oak  {Rhus  diversiloba),  eascara  sagrada  or  pigeon  berry  {Rhamnus 
cahfomica),  mountain  rose  {Rosa  gyitmocorpa),  salal  {GauUlierla 
shallon),  huckleberry  (Vaccinium  ovatum  and  r.  parvifolium),  wild 
blackberry  {Rubus  ritifolius),  etc.  In  certain  localities  deer  brush 
(Ceanothus  integerrimus,  C.  ineanus,  and  C  vduUiius)  and  a  species 
of  service  berry  (Amelanchier)  are  found. 

Herbaceous  plants. — Grass  species  and  individuals  are  not  abund- 
ant in  the  shady  woods,  and  ino»t  of  those  which  occur  have  sparae 
foliage,  affording  but  little  feed  for  stock.  The  species  most  commonly 
met  with  are  Bromus  kvvipes,  Melica  bromoides,  J/,  lorreyana,  and 
Trisetum  caneseens.  Festuca  caiifornica,  "vanilla  grass "  (Savaatana 
macruphylUi),  and  Elymus  glaueus  are  not  uncommon. 

Other  perennial  herbaceous  plants,  such  a.s  Achhjs  friphylln,  Van- 
couveriaparviflora, Irisdouglasiuna,  I. purdyi,  Violalohaia,  Aspidium 
munitum,  Adenocaulon  sp.,  Eriophylluni  spp.,  and  Brodiaa  spp.  are 
abundant,  but  annual  plants  are  comparatively  rare. 

Forage  plants. — From  off  This  miscellaneous  assortment  of  plants 
cattle,  horses,  sheep,  and  hogs  have  to  "rustle"  a  living  during  sev- 
eml  months  of  the  fall  and  early  winter,  yet  they  are  said  to  keep  in 
good  condition  in  spite  of  the  unpromising  nature  of  the  forage. 
Cattle  and  hoi-ses  browse  on  poison  oak,  hazel,  white  oak,  deer  brush, 
and  the  few  grasses  they  can  find.  Sheep  freely  eat,  in  aildition  to 
the  above,  the  very  tough  and  astringent  leaves  of  the  niansanita. 
This  is  shown  in  a  striking  and  very  characteristic  manner  by  the  neat 
way  in  which  each  bush  is  trimmed,  sheep-head  high,  and  divested  of 
every  leaf  within  reach. 

Hogs  find  better  picking  iu  the  woods  than  do  other  stock,  and  are 
left  to  run  there  almost  the  year  round.  They  are  said  to  live  largely 
on  the  acorns  of  the  three  oaks  above  mentioned,  on  chinquapin  nuts, 
pepper  nuts  (UmbeUuluria  caiifornica),  madi-oile,  manzanita,  and 
poison-oak  l)errieB,  the  bulbs  and  tubers  of  liliaceous  and  other  plants, 
and  on  grasses  and  elovei's.  In  August  the  manzanita  berries  ripen, 
and  the  hogs  feed  on  them'  till  the  -poison-oak  berries,  aeorns,  and 
othernuts  and  fruits  mature.  By  the  time  these  crops  are  exhausted 
the  grasses  and  clovers  are  fit  for  food  and  continue  till  the  end  of 
June.  July  is  the  month  of  poorest  hog  feed,  and  it  is  necessary  to 
provide  corn  or  grain  till  the  manzanita  berries  are  again  ripe,  in 
August. 

The  acorns  of  the  white  oak  are  said  to  make  the  best  and  sweetest 
feed  and  to  produce  the  l>est  bacon,  but  the  crop  is  very  uncertain. 
The  tan  oak  is  the  most  reliable  acorn  producer. 
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Improvement  of  the  irood^anrf/iwoife.— Except  in  portions  of  the  red- 
wood belt,  the  timber  occapies  land  which  woaM  probably  never  be 
fit  for  Agricultural  purposes  on  account  of  either  or  both  of  the  fol- 
lowing reasons:  First,  the  steepness  of  the  slopes,  which  makes  them 
practically  inaccessible  and  exposes  them  to  soil  washing  to  a  ruinons 
extent  as  Hoon  as  cleared  of  the  protecting  timber  and  brush;  sec- 
ond, the  poor  and  rocky  nature  of  the  soil.  The  clearing  of  the  land 
would  therefore  be  unprofitable,  unless  for  the  sake  of  the  timber. 
The  clearing  of  such  lands  would  seriously  affect  the  water  supply 
of  the  upper  ranges.  This  has  been  conclusively  demonstrated  near 
Scotia,  and  near  Guemeville,  in  Sonoma  County,  where  the  clearing 
and  keeping  cleAr  of  the  redwood  land  for  pasture  purposes  has 
resulted  in  the  drying  up  of  many  springs  and  small  creeks  which 
were  formerly  perennial.  The  way  in  which  the  stream  beds  are 
flooded  with  "wast«"  water  from  the  treeless  upland  ranges  in  times 
of  heavy  rain  is  shown  on  the  accompanying  plat«  (PI.  V,  fig.  1), 
and,  by  contrast,  the  beneficial  effect  of  a  heavy  covering  of  timber 
and  brush,  which  protects  the  tributary  springs  and  creeks  from 
evaporation,  is  shown  in  figure  3  on  the  same  plate. 

The  timber  produced  (outside  of  the  redwood  belt)  is  not  at  pres- 
ent considered  worth  lumbering,  but  is  used  for  fuel  and  fencing. 
The  tan  oak  {Quercus  densiflora)  is  highly  valued  for  its  bark,  used 
for  tanning,  and  an  extensive  industry  in  oak  bark  is  carried  on  in 
the  more  accessible  canyons  near  the  coast.  It  is  qnite  possible  that 
the  future  demand  for  tan  bark,  which  is  becoming  scarcer  each 
year,'  may  warrant  the  systematic  planting  of  the  tan  oak  on  these 
canyon  slopes.  This  would  result  in  a  large  increase  of  hog  feed  in 
the  acorn  season.'' 

Forage  plants  recommended  for  trial. — It  is  not  improbable  that  by 
establishing  pasture  plots  of  shade-growing  forage  plants  in  small 
clearings  among  the  timber  and  brush  the  winter  feed  of  the  wood- 


'Soine  idea  of  the  extent  of  ttie  annnal  destrnction  of  tan  oak  can  be  gathered 
from  the  statement  that  in  18B9  there  were  shipped  1.500  cords  of  bark  (a  cord 
weighing  2.300  potrnds)  from  Point  Arena  and  1,500  from  Greenwood;  500  cords 
are  annually  peeled  at  the  Union  Lninber  Company's  camps  near  Fort  Br^g.  and 
large  amounts  are  annually  shipped  from  Onalala.  Iversen.  Navarro.  Albion. 
Little  River,  Mendocino  City,  Caspar.  Weatport.  Usal,  and  Bear  Harbor,  as  well 
as  from  other  points.  We  met  twenty-one  4-horse  wagon  loads  of  bark  en  ronte 
to  Bear  Harbor  in  a  morning's  drive  between  Kenny  and  Tbom. 

The  bark  from  the  Greenwood  lumber  camps  is  supplied  "to  the  California 
Tanning  Extract  Company,  who  have  a  plant  in  cimjiinction  with  the  Greenwood 
mill.  The  bark  is  reduced  to  a  liqnid  form,  and  is  barreled  and  shipped,  princi- 
pally to  Japan.  One  cord  of  tan  bark  weighs  3,800  ponnds:  when  in  liquid  form 
it  is  reduced  down  to  about  550  or  600  ponnds." 

''Acorn-fed  pork  is.  at  best,  considered  poor  in  quality,  being  soft  and  oily;  it 
brings  li  cents  per  pound  less  than  corn-fed  port;  it  is  claimed  that  even  though 
"finished  off''  on  com  the  quality  of  the  fat  remains  the  same.  Poland-China 
hogs  are  nsed  almost  exclusively  for  range  feeding,  being  much  more  docile  than 
Berkshires,  which  become  wild  and  unmanageable  with  the  freedom  of  the  range. 
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land  ranges  coald  be  iocreased.  As  these  ranges  are  used  for  fall  and 
early  winter  feeding,  the  grasses  that  will  be  of  greatest  benefit  in  such 
situations  will  be  those  that  make  the  earliest  winter  growth. 

Among  the  grasses  which  make  the  earliest  winter  growth  at 
Berkeley  the  following  are  recommended  for  trial:  Orchard-grass 
(Daciylis  glomeraia),  tall  oat  grass  {ArrhenatJuirum  elatius),  wood 
meadow  grass  {Poa  itemuralis),  reed  fescue  {Festuca  artmdinacea). 

It  must  be  borne  in  mind,  however,  that  we  can  not  expect  to  make 
first-class  pastures  out  of  timbered  lands.  It  is  impossible  to  success- 
fully combine  good  timber  cultures  and  good  pastures,  for  the  objects 
and  needs  of  the  two  are  diametrically  opjwsed,  and  what  will  benefit 
the  one  may  injure  the  other.  The  timber  and  brush  are  needed  in 
order  to  preserve  the  flow  of  the  springs.  All  we  can  hope  to  do  in 
the  way  of  improvement,  therefore,  is  to  somewhat  increase  the  amount 
of  grass  produced  in  the  open  spaces, 

THE  CHAPARRAL. 

Chaparral  is  the  Spanish  word  for  a  thicket  of  low  shrubs,  and  was 
used  by  the  Spanish-Californians  to  designate  the  thickets  of  scrub- 
oak  (Quercus  dumosa)  which  are  so  noticeable  a  feature  of  rocky 
ridges  in  this  region.  It  is  now  applied  promiscuously  to  any  low, 
dense  brush  of  prickly  or  rigid  shrubs  growing  in  similar  situations, 
as  well  as  to  the  individual  species  of  which  the  mass  is  composed. 
In  these  senses  the  words  chaparral  and  chamisal  are  often  used 
interchangeably;  chamisal  strictly  means,  however,  a  stretch  of 
burned  over  chaparral,  from  the  Spanish  chamizo,  a  piece  of  half- 
burnt  wood.  The  term  is  now  generally  restricted  to  the  "chamise" 
bush  (Adenosloma  fasciciilatum). 

So  local  and  strikingly  characteristic  are  these  chaparral  areas  that 
they  have  become  landmarks,  the  w^ord  chamisal,  sometimes  cor- 
rupted into  chemisal,  chemise,  or  chiniese,  l>eing  adopted  as  a  local, 
name.  Thus,  we  find  on  the  map  of  Humboldt  County  a  "Chemisal 
Creek"  and  "Chimese  Ridge"  in  the  vicinity  of  Harris,  and  a  "Che- 
mise Mountain,"  near  Shelter  Cove. 

As  before  stated,  the  chaparral  covers  drj',  stony  ground,  where  the 
soil  appears  to  be  too  scant  and  poor  to  support  a  generous  herbace- 
ous vegetation.  It  is  usually  composed  of  such  shrubs  as  Adenostoma 
fascicvlatum,  Ceanothus  cuneatus,  Querctis  dumosa,  Cercocarpus 
sp.  (mountain  mahogany),  species  of  Arciostaphyios  (mauzanita), 
Oarrya  fremoufi,  Eriodictyon  californioim  (Yerba  santa),  etc.,  the 
component  species  varying  with  the  locality,  and  frequentlj"  one  or 
other  being  so  prevalent  over  a  large  area  as  to  give  it  specific 
individuality. 

The  grasses  usually  met  with  in  these  arid,  rocky  spots  are  tufted 
in  their  habit  of  growth,  and  consequently  come  under  the  common 
category  of  "  bunch  grass."    Tlie  species  are  few  In  number.     Melica 
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califomifu,  J/,  harfordii,  Stipa  lemmoni,  Sitanion  multwetuin 
planifolhim,  Elymvs gliiiicus,  species  ot  Po<t,  Feshica,  Brovius  a 
tus,  and  occasionHlly  Festuca  ovina  being  the  only  ones  collected. 
Lotus  avwricanus  and  occasionally  a  chiinpof  "  deer  brush"  {Ceano- 
ihus  integerrimus)  Are  tlie  only  plants  met  with,  other  than  (frassos, 
which  are  known  to  be  of  forage  value. 

The  individuals  of  these  fomge  plants  are  so  few  and  far  apart  as 
to  afford  only  the  scantiest  pickings  for  animals,  and  the  brush  is 
usually  so  dense  that  stock  can  penetrate  it  only  with  difficulty. 

Under  these  circumstances  a  piece  of  chaparral  is  naturally  eonsid- 
ei-ed  so  much  waste  ground,  being  not  only  unproductive  or  almost 
entirely  so,  but,  on  account  of  the  iwverty  of  the  soil,  not  worth  the 
cost  of  elearing. 

SUBALPINE  MEaLhjW;;. 

Ill  the  IMnity  and  Inner  Coast  Range  mountains  subalpine  mead- 
ows are  occasionally  met  with  at  an  altitude  of  at)out  6,300  feet, 
which  resemble  to  a  considerable  extent  those  of  the  Sierra  Nevada, 
not  only  in  physical  and  climatical  features  but  also  in  phytological 
aspect. 

I  had  opiiortnnity  to  visit  a  group  of  such  meadows  on  Trinity  Sum- 
mit, to  the  east  of  llupa  Valley,  between  June  21  and  23,  1899,  but 
found  that  it  was  still  too  early  in  the  season  to  And  any  but  the 
earliestapriugfiowersin blossom — SalU,  Ribes,  Eryihronium,  Frasera, 
Kabnia,  etc.  With  the  exceiition  of  2Ielica  si>e'.-Uibilis  the  grasses 
and  sedges  which  form  a  dense  turf  on  the  alluvial  soils  in  hollows 
just  below  the  peaks  were  just  commencing  their  new  growth,  and 
in  many  places  were  still  under  snow.  Appearances  indicated,  how- 
ever, that  here  at  last  we  had  found  patches  of  the  primitive  flora 
still  almost  entirely  unadulterated  by  admixtures  of  alien  species. 
The  meadows  are  so  completely  isolated  from  the  distant  valleys 
and  lower  grass-covered  ridges  by  steep  rocky  cliaparral  ridges 
and  stretches  of  spruce  and  tan-oak  forest,  covering  the  whole  of  the 
altitudinal  distance  of  alxiut  B,(XX)  feet  from  the  floorof  Hupa  Valley, 
that  it  has  pi-oved  difficult  for  aliens  to  cross  this  natural  barricade. 
A  few  specimens  of  sheep  sorrel  {Rumex  acefosella)  were  found  in 
open  spots  along  the  trail,  and  even  on  Trinity  Summit,  being  appar- 
ently the  first  of  the  alien  horde  to  reach  those  grazing  grounds.  It 
will  be  interesting  from  an  ecological  standpoint  to  watch  whether 
other  species  succeed  in  following  this  irrepressible  and  pernicious 
weed. 

As  the  gi-owth  of  vegetation  in  these  subalpine  meadows  is  later 
than  that  at  lower  altitudes,  on  account  of  lower  temperature  and 
consequent  [wrsistence  of  snow,  they  are  valuable  adjuncts  to  the 
stock  ranges,  providing  green  pastui-age  for  se\'eral  weeks  after  the 
upland  ranges  at  lower  altitudes  arc  dry  and  brown.  ' 
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Od  the  plateau,  vhere  the  greAtest  elevation  does  oot  exceed  4,000 
feet  and  but  little  snow  falls  in  winter  and  none  remains  into  the  BunL> 
mer,  the  grasses  mature  early,  and  there  are  no  late  alpine  meadows. 

STSTEU  OF  RANOE  ROT,lTIO:«  /iSD  MJJIAOEUENT. 

In  California  the  season  of  activity  in  plant  growth  commences 
with  the  early  autumn  rains  (September  and  October),  while  the  heat 
rays  still  have  power  to  warm  the  soil  below  the  surface.  It  is  then 
that  the  seeds  of  annual  plants,  dormant  since  the  time  of  ripening  in 
early  summer,  commence  to  germioate  and  the  seedlings  to  establish 
themselves  in  the  loosening  soil. 

Though  they  germinate  so  early  in  the  season  these  annuals  do  not 
make  much  upward  growth  until  the  advent  of  the  warm  spring  days 
during  February  or  early  March,  after  which  their  progress  to  maturity 
is  usually  rapid.  By  April- May  or  May-June,  according  to  the  season, 
they  have  attained  their  maximum  growth  and  t>egin  to  ripen  or  are 
at  least  flowering. 

The  flowering  season  is  short,  and  with  the  arrival  of  the  hot,  dry, 
north  winds  in  June  or  July  the  rti>en  hillsides  rapidly  assume  that 
brown  and  barren  aspect  so  characteristic  of  a  California  summer. 

During  the  fall  and  early  winter  months,  when  the  "  bands  "  of  cattle 
and  sheep  have  been  reduced  by  summer  sales  of  fat  stock,  it  is  cus- 
tomary, on  ranges  under  the  best  management,  to  confine  the  stock  to 
the  woodland  or  winter  range.  This  method  gives  the  seedling  annual 
grasses  and  clovers,  which  furnish  most  of  the  forage  on  the  summer 
ratge,  a  chance  to  get  well  anchored  in  the  soil  and  fairly  established; 
otherwise,  on  account  of  their  shallow  rooting,  a  large  proportion 
would  be  destroyed  by  trampling  or  pulling. 

As  soon  as  feed  is  sufiiviently  plentiful  the  "bands  "are  permitted  to 
return  to  the  summer  range.  With  the  advent  of  the  dry  season  the 
animals  are  usually  ready  for  market  and  stockmen  begin  to  thin  out 
their  flocks  and  herds.  A  general  exodus  soon  commeuces,  the  mar- 
ketable animals  being  driven  to  Ukiah  or  Eureka  for  shipment  to  San 
Francisco. 

With  this  exodus  of  sheep  and  cattle  summer  travel  over  the  stage 
road  from  Ukiah  to  Eureka  becomes  more  than  ever  unpleasant.  The 
roadsides  which  a  short  time  previous  were  carpeted  with  grasses  and 
wild  flowers  are  quickly  stripped  of  every  blade  of  green,  and  the 
roads,  hitherto  fairly  good,  become  thick  with  dust,  which  is  thrown 
up  in  clouds  by  the  numerous  droves  of  animals  passing  each  day. 

The  reserve  "bands,"  now  much  reduced  in  size,  continue  to  And 
sul>sistence,  and  even  keep  fat  for  some  time,  on  the  ripening  heads  of 
soft  chess  and  other  forage  plants  which  are  now  dried  into  a  stand- 
ing crop  of  short  hay.  Tliis  cured  liay  is  considered  highly  nutri- 
tious until  it  has  been  washtnl  by  the  early  rains,  when  it  seems  to 
lose  its  palatableness. 
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Ill  the  Trinity  and  Inner  Coast  Ran^e  mountains,  as  well  as  in  the 
Sierra  Nevada,  it  is  customarj-  to  drive  the  stock  ap  the  mountains  to 
the  suhalpine  meadows  for  summi^r  pasture.  For  several  years  the 
Iliipa  Indians  have  followed  this  practice  on  Trinitj-  Summit,  the 
meadows  which  occur  at  about  C,50()  to  7,00(1  feet  altitude  being  a 
favorite  ranye  for  the  cattle  of  the  reservation. 

CARKYINIl  CAPACITY. 

present  capacHij. — It  is  difficult  to  obtain  exact  data  as  to  the  pres- 
ent caiTying  capacity  of  the  ranges,  stockmen  l)eing  loath  to  give  fig- 
ures for  obvious  reasons.  The  Blue  Rock  Range,  of  5,500  acres,  is 
said  to  carry  1,200  hea<l  of  sheep  and  100  head  of  horned  stock,  or  an 
equivalent  of  an  acre  and  a  half  to  a  sheep  and  7  acres  to  each  head 
of  cattle.  This  is  the  same  ratio  for  sheep  as  is  reported  for  the 
prairies  aronn<l  Sherwood  Vallej'.  On  the  ranges  near  Bells  Springs 
the  maximum  capacity  is  given  as  little  more  than  an  acre  to  one 
head  of  sheep,  and  5,  fi,  or  sometimes  even  10  or  li;  acres  to  one  head 
of  cattle.  It  is  said  that  on  the  poorest  ranges,  which  have  become 
worn-out  \>y  overstocking,  it  takes  20  acres  to  supijort  one  head  of 
cattle. 

The  ranges  on  Walker  Mountain  and  Sherwood  Mountain  seem  to 
be  in  better  condition  than  those  north  of  Cummings.  Danthonia  and 
soft  brome  grass  ai-e  much  more  abundant  and  the  maxininm  carry- 
ing capacity  is  higher  (at  present),  the  ratio  being  i-eported  as  only  4 
or  even  3  acres  to  one  head  of  cattle.  The  latter  figui-es  may,  bow- 
ever,  apply  cmly  to  open  range  or  may  include  winter  pasturage  in 
the  meadows  instead  of  on  woodland  "  browse."  Such  heavy  stock- 
ing can  not  long  be  maintained,  liowcver.  Mr.  Blair,  on  Shenvood 
Mountain,  has  200  acivs  of  range  and  carries  00  to  80  liead  of  hogs, 
4U  to  50  head  of  cattle,  and  a  few  horses.' 

(Jii  the  ranges  which  were  found  to  be  in  the  best  condition  it  was 
learned  that  not  less  than  S  acres  was  allowed  for  each  head  of  cattle 
and  li  acres  for  each  sheep. 

Colonel  HaMing's  range  of  some  13,000  acres  is  said  to  carry  about 
400  cattle,  100  horses,  and  5,(»o0  sheep,  or  a  total  eciuivnlent  of  some 
1,600  head  of  cattle,  about  1  to  H  aci-es. 

These  ratios  are  supposed  to  include  both  open  and  woodland  or 
brush  range.  It  is  said  that  there  are  usually  about  2  acres  of  the 
latter  to  every  1  acre  of  clear  land,  but  the  proportion  varies  some- 
what with  the  locality.  Open  range  alone  is  said  to  be  capabe  of 
carrying  1  head  of  cattle  to  4  or  5  acres  and  1  head  of  sheep  to  1  acre 
during  the  season. 

Formei'  capacity. — The  first  whit«  settlers  in  the  valleys  north  of 
Walker  Mountain  apiiear  to  have  located  in  1852  or  1853,  and  they 

*It  i?  pt^asible  that  my  i.ifonnant  was  iu 

donlit  whether  any  range  in  the  region  i! 
would  indicate. 
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either  brought  Imnds  of  cattle  with  them  or  drove  them  in  a  year 
or  two  later,  antl  for  several  years  the  i-egioii  was  a  great  unfeiiee<i 
cattle  ranye.  IIumtMitdt  County  was  first  settled  in  the  vicinity  of 
Humboldt  Bay  in  184',)  or  1850,  A  cattle  ranch  was  maintained  in 
Clear  Lake  Valley  prior  to  1S4!)  by  Andrew  Kelsey  and  Charles  Stone, 
who  were  miirdered  by  Indians  in  Ueceaiber,  1840. 

According  to  CarlPurdy/  "  for  years  Mendocino  County  was  a  cat- 
tle county,  with  all  the  wild  lawlessness  which  pertains  to  that  indus- 
trj'  and  conflicting  squattei's'  rights.  As  the  wild  animals  were  killed 
out  the  high  price  of  wool  stimulRte<l  sheep  growing;  until  1875  the 
mountainous  country  was  almost  entirely  devoted  to  that  branch  of 
grazing.  Then  the  mountain  land  was  surveyed  and  landowners 
obtained  titles,  lands  were  fenced,  and  the  second  stage  of  grazing 
i-eache<l.  The  lai^  protits  in  .sheep  raised  the  price  of  grazing  lands 
to  too  high  a  figure,  and  graziers  were  tempted  to  overreach  them- 
selves by  the  piircliase  of  surrounding  lands."  Then  came  a  fall  in 
the  price  of  wool,  and  many  rangei-s  replaced  their  sheep  with  cattle; 
othei-s,  "overloaded  with  debts  accrued  by  hind  purchases,  went  into 
bankruptcy."  At  present  the  sheep  and  cattle  indu.stries  on  the 
ranges  are  of  al>out  equal  imiwrtanee. 

It  is  even  more  difficult  to  obtain  information  as  to  the  actual  con- 
dition and  vegetation  of  the  ranges  in  the  fli'st  years  of  occupation  by 
wiiite  people  than  al)out  the  present  carrying  capacity'.  There  are 
\arious  indications,  however,  iiointing  to  a  much  more  highly  pi-o- 
duetive  condition  in  those  early  days  than  has  been  realized  for 
many  years. 

The  fact  that  at  the  present  time  the  three  most  abundant  grasses 
are  adventive  species  of  foreign  origin  favoi-s  this  view.  There  is  evi- 
dence that  they  have  become  naturalized  within  comparatively  n>cent 
yeai-s.  Small  barley  grass  and  soft  chess  are  not  recordc<l  as  occur- 
ring in  the  State  at  the  time  of  the  Slate  geological  survey  in  the 
early  sixties,  and  Dr.  Bolander,  who  at  that  time  was  making  a  special 
study  of  the  gnvsses  of  California,  does  not  appear  to  have  collected 
sipiirrel-tail  in  either  Mendocino  or  Humboldt  when  he  visited  these 
counties  in  1804  and  again  in  18li5.  It  isevideut,  therefore,  that  thesi' 
grasses,  now  so  abundant,  are  not  only  naturalized  aliens,  but  also 
that  they  must  have  replaced  other  and  equally  abundant  si>ecies, 
since  it  is  inconceivable  that  in  such  a  climate  fertile  soil  could  long 
remain  other  than  densely  clothed  with  some  kind  of  vegetation.  Old- 
timers  are  unanimously  agreed,  moreo\er,  that  the  feed  on  the  ranges 
has  changed  materially  since  they  first  settled  in  the  country.  Mr. 
Hell,  of  Bells  Springs,  says  that  the  feed  on  his  ranges  has  changed 
Si'veral  times  during  the  twenty-seven  years  he  has  lived  there,  "  new '' 
(adventitious)  species  coming  in,  liecoming  predominant,  and  in  their 
turn  giving  place  to  others. 


'Ukiali  Dia patch-Democrat. 
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Colonel  Harding  states  that  small  barley  grass  (locally  called  fox- 
tail) was  brought  in  by  sheep,  being  observed  first  along  their  Iraclca. 

The  questions,  then,  arise,  what  were  the  components  of  the  primi- 
tive vegetation  which  occupied  the  place  of  the  present  alien  flora; 
how  did  it  compare  with  the  latter  as  regards  forage  value,  and  what 
new  species  came  in,  became  prevalent,  and  then  gave  plac«  to  others. 

The  earlier  floras  appear  to  have  been  composed  of  plants  more  gen- 
erally acceptable  to  stock  than  the  weedy  species  now  prevailing, 
otherwise  they  would  scarcely  have  given'auch  complete  place  to  alien 
species.  In  other  words,  if  they  had  not  been  highly  palatable  to 
stock  they  would  not  have  been  "eaten  out,"  and  if  the  adventive 
species  had  been  equally  palatable  they  could  scarcely  have  acquired 
a  foothold  under  the  system  of  heavy  stocking  which  has  prevailed. 

Few  residents  in  this  region  are  sufficiently  familiar  with  plants  to 
define  the  actual  changes  in  the  flora  which  take  place  over  a  period 
of  years.  Some,  however,  have  noticed  the  change  in  composition  of 
the  range  feed.  Mr.  Bell,  Mr.  Joseph  H.  Clarke,  and  others  state 
that  danthonia  and  other  "bunch  grasses,"  wild  oats,  alfilerilla, 
clovers,  wild-pea  vines  (Lathyrus  sp.),  and  wild  sunflower  {Wyethia 
sp.)  were  formerly  the  most  abundant  plants  on  the  ranges.  All 
these,  they  state,  have  been  materially  reduced  in  quantity  or  have 
disappeared  altogether,  and  in  their  places  squirrel  tail,  small  barley 
grass,  and  soft  chess  have  become  established  since  they  settled  in  the 
county.  These  statements  are  in  iwrt  confirmed  by  Menefee,  who, 
writing  in  1873,  says  of  this  section  of  Mendocino  County: 

The  soil  is  *  •  *  covered  with  a  rich  growth  of  clover,  wild  oats,  bunch 
grass,  and  rosin  weed  or  wild  sunflower. 

All  of  the  above-named  piants  are  now  relatively  scarce. 

Wild  oats  and  alfilerilla  were  not,  however,  the  primitive  forage 
plants,  for  they  also  are  aliens,  natives  of  the  Mediterranean  region, 
their  inti-oduction  into  California  probably  dating  from  the  Spanish 
occupation.  Being  adventive,  they  too  must  have  replaced  other 
plants  which  were  probably  native  in  the  sense  of  not  lia^iug  been 
introduced  through  the  agency  of  man  or  his  domestic  animals,  since 
we  have  no  records  of  immigration  earlier  than  that  of  the  Mission 
Fathers. 

On  account  of  their  wide  distribution  in  the  State,  and  their  abun- 
dance and  prevalence  in  the  fifties,  many  persons  have  refused  to 
believe  that  wild  oats  and  alfilerilla  could  l)e  other  than  native  to  the 
soil ;  even  Bolander,  writing  in  the  early  sixties,  was  inclined  to  believe 
that  they  must  be  native  alike  in  southern  Europe  and  California.  To 
anyone  who  has  watched  the  rapid  spread  of  alien  weeds  in  the  rich 
soil  and  favorable  climate  of  this  State,  and  has  observed  one  align 
gradually  give  place  to  otliers,  the  century  and  a  quarter  which  has 
elapsed  since  the  Spanish  occupation  will  appear  none  too  short  to 
witness  the  occupation  of  the  whole  State  by  such  prolific  plants  as 
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wild  oats  and  alfllerilla,  and  the  later  disappearance  of  one  or  both  of 
them  by  overstocking.  This  matter  will  be  more  fully  discussed  after 
the  causes  of  range  deterioration  have  been  considered. 

Col.  Redick  MeKee,  United  States  Indian  agent,  with  a  military  party, 
passed  overtheplatcauregionfromSantaRosatoIIumboldt  Bayin  the 
fall  of  1851.  Mr.  George  Gibbs,  who  kept  the  official  diarj' of  the  party, 
mentions'  that  wild  oats  were  very  abundant  on  the  slopes  of  the 
lower  foothills  from  Santa  Rosa  northward.  Before  reaching  Feliz 
Valley,  the  most  northerly  Spanish  ranch  in  the  Russian  River  Val- 
ley, he  notes:  "The  hills  passed  to-day  were  covered  with  bunch 
grass,  the  wild  oats  having  disappeared."  Wild  oats  were  again 
observed  on  what  is  now  known  as  Walker  Mountain,  but  were  not 
noted  from  any  place  to  the  northward,  though  bunch  grasses  are 
frequently  mentioned.  There  is  no  mention  of  alfllerilla.  Colonel 
McKee's  party  seems  to  have  been  only  the  second  white  party  to 
make  the  overland  trip. 

What  then  were  the  prevalent  plant  species  before  the  advent  of 
wild  oats  and  alfllerilla?  Though  no  written  record  appears  to  exist, 
this  question  can  be  answered  in  a  fairly  satisfactory  manner  by  infer- 
ence. It  is  unreasonable  to  suppose  that  in  the  comparatively  short 
time  (some  fifty  years  only)  which  has  elapsed  since  these  liilU  wei'e 
first  ranged  by  white  men  any  of  the  then  prevalent  plants  could 
have  become  extinct.  We  must  therefore  look  for  them  among  the 
species  still  to  be  found  in  protected  places  on  the  ranges.  In  fenced- 
ofF  areas  surrounding  some  of  the  springs  on  the  Bell's  Springs  Range 
and  a  few  other  places,  are  still  to  be  found  luxuriant  growths  of  native 
clovers,  grasses,  and  other  plants  which  have  been  somewhat  pro- 
tected from  their  natural  enemies,  the  range  stock.  Of  coarse  weedy 
grasses,  with  alfllerilla  and  wild  oats,  have  found  their  way  there  also ; 
but  the  native  species  have  been  able  to  hold  their  own  to  a  greater 
extent  than  elsewhere.  The  vegetation  of  such  places  gives  ns  a  clew 
to  the  former  condition  of  things.  Here  are  found  the  native  annual 
clovers,  Trifolium  cyathiferum,  T.  hifidum  decipiens,  T.  (ridentatum,  T. 
variegatum  \&r.,  T.  microcephalum,  and  T.  ftircatum  vireaeens,  mak- 
ing a  luxuriant  growth,  sometimes  almost  knee-deep.  Sheep  fescue 
{Feduca  omna),  danthonia  {Danthonia  californica),  Sitanion  mvlti- 
seium,  S.  planifolium,  S.  villosum,  and  Elymus  angustifolius,  all  pro- 
miscuously known  as  "  bunch  grasses,"  together  with  "wild  pea-vines" 
(species  of  ia/Ayrus)  and  "wild  sunflower"  (species  of  Wyeihia),ar% 
also  plentiful.  In  dry,  rocky  places  California  inelic  grass  {Melica 
californica),  Lemmon's  bunch  grass  {Sfipa  lemmoni),  and  one  or  two 
species  of  meadow  grass  (Poo,  allied  to  P.  fendleriana)  are  frequently 
found.     These  are  also  called  "bunch -grasses." 

'Gibbs,  G«oi^:  "Jonraalof  theeipedition  of  Col.  Redick  McKee,  United  States 
Indian  agent,  through  northweatem  Cahfomia,  performed  in  the  Bnmmer  and 

fall  of  iSai."    Pnblished  in  Dr.  Henry  Schoolcraft's  Archivesof  Knowledge, : 

W-1T7.    Philadelphia,  1880. 
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It  thus  apiwars  that  these  same  clovers  ami  other  annual  plants  and 
the  same  perennial  "bunch-grasses,"  which  are  now  but  sparingly 
found,  were  in  former  times  the  common  plant.s  of  the  open  range, 
and  that  the  species  now  most  abundant,  including  alfilerllla  and 
also  wild  oats,  were  unknown  here  before  the  Spanish  occupation  of 
California. 

The  following  conclusions,  thei-efore,  were  accepted: 

1.  The  primitive  forage  plants  wei-e  the  "bunch-grasses"  (Dau- 
thonias,  Stipas,  Melic-as,  Poas,  and  perennial  Festucas),  with  annual 
and  perennial  clovers,  wild  pea  vines  and  wild  sunflowers;  thene  were 
much  more  abundant  in  former  times  than  now,  and  on  account  of 
their  palatableness  they  largely  disappearefl  with  overstocking. 

'2.  With  the  advent  of  white  settlers  and  their  domestic  animals, 
wild  oats  and  alfilerilla  {Erwlium  cicufarittm)  took  possession  of  the 
country;  these  increased  in  relative  abundance  as  the  native  forage 
plants  became  Mcaree;  as  the  latter  diminished  in  quantity  cattle  took 
to  eating  the  former  until  they  in  like  manner  succumbed,  while 
other  plants  took  their  places. 

3.  Small  barley  grass,  squirrel  tail,  and  soft  chess  were  among 
the  next  weedy  introductions;  the  two  former,  when  in  a  maturing 
condition  being  disliked  by  cattle,  have  had  a  chance  to  spread  and 
cover  the  ranges,  but  cattle  having  actiuired  a  taste  for  soft  chess, 
it  is  being  kept  in  check,  if  not  diminishing,  on  closely  grazed  ranges. 

i.  A  third  immigration  is  now  taking  place,  in  which  musky  alfile- 
rilla (£rf»d(i(/nnioscfta/wm),  broncho  grass  (if  romu«  moj-imiingussoni), 
barleygrass(/forfi'e«»ini«r//itim,  locally  called  fox -tail),  tacalote(Cen- 
taurea  meJiteiisis),  hawkbit  {Hypocharis  glabra),  bur-clover  (Medi- 
cayo  tietttictihita},  find  other  weeds  are  establishing  themselves  along 
the  roadsides  and  around  ranch  houses.  Of  these,  the  bur-clover,  and 
the  musky  alfilerilla,  have  some  forage  value.  Barley  grass  is  eaten 
green  in  the  spring  before  beading  out,  but  aftei-wards  becomes  one  of 
the  most  objectionable  weeds  for  a  stock  range.  The  other  aliens 
are  destined  to  cause  irreparable  injury  to  the  ranges  unless  kept  in 
cheek  aud  prevented  from  becoming  firmly  established. 


Primary  cause. — Range  deterioration  is  traceable  to  the  desire  to 
make  as  much  o£E  the  laud  tm  possible,  coupled  with  two  mistaken 
ideas:  (1)  That  a  range  can  continue  to  carry  the  maximum  number 
of  stock  without  deterioration  year  after  year  without  any  rest;  (2) 
that  in  order  to  get  the  most  out  of  a  range  in  a  given  period  of  time 
it  must !«  stocked  to  its  maximum  carrying  capacity. 

By  maximum  carrying  capacity  is  "meant  the  highest  possible  num- 
ber of  stock  that  the  i-ange  will  turn  off  tn  good  condition  at  selling 
time,  without  taking  into  account  the  condition  of  the  range  itself; 
in  other  wortls,  it  has  reference  purely  to  the  present  crop  of  stock, 


dbyGoogIc 


RANGE    DETERIORATION.  39 

without  reference  to  the  range  or  to  future  production.  The  opti- 
mum carrying  capacity,  on  the  otlier  hand,  means  the  highest  mini- 
her  that  can  possibly  be  carried  without  injury  t*  the  range,  providing 
for  the  pro<luction  of  future  crops,  and  eventually,  therefore,  bringing 
the  best  results  both  to  range  owner  and  occupier. 

On  ranges  which  are  not  stocked  beyond  the  optimum  the  animals 
are  not  likely  to  depasture  any  one  spot,  and  a  sufficient  number  of 
plants  of  allilerilla,  native  dovere,  danthonia,  and  other  bunch  grasses 
will  thus  be  left  to  ripen  seed  for  another  season's  growth.  Having 
more  space  over  which  to  roam,  the  stock  will  spend  less  time  in  one 
place,  doing  less  injury  to  the  hunch  grasses  by  their  trampling.  The 
number  of  stock  which  make  the  difference  between  the  ma.\imum 
and  optimum  cairying  capacity  costs  more  to  the  range  owner  in  per- 
manent and  irreparable  damage  to  his  property  than  they  can  bring 
back  in  cash  value.  While  every  head  of  stock  put  upon  the  range, 
until  the  optimum  is  reached,  is  equivalent  to  so  much  additional 
profit,  every  head  carried  beyond  the  optimum  not  only  ceases  to  be  a 
soui-ce  of  profit,  in  that  it  limits  the  supply  of  nutritious  plants  both 
for  itself  and  the  i-est  of  the  herd,  but  also  causes  deterioration  to 
the  range.  The  amount  of  deterioration  can  not  be  measured  by  the 
actual  amount  of  feed  eaten,  but  increases  with  geometrical  progi-es- 
sion  to  an  astonishing  degree,  determined  by  the  number  of  useful 
plants  left  to  ripen  seed  for  the  next  year's  crop.  Looked  at  from 
this  standpoint,  it  is  evident  that  when  an  annual  range  begins  to 
deteriorate  the  deterioration  will  continue  at  a  rapid  rate  until  checked 
by  a  change  of  method  in  management. 

Stockmen  all  admit  that  overetocking  is  a  bad  practice,  and  con- 
demn it;  but  each  man  has  his  own  conception  of  what  overstocking 
is,  the  numl>er  of  acres  required  per  head  ranging  all  the  way  from 
3  to  20  acres,  varying  somewhat,  to  be  sure,  according  to  the  condition 
and  situation  of  the  range.  Doubtless  the  point  where  the  over- 
stocking commences  is  determined,  with  most  stockmen,  by  the  con- 
dition of  the  stock,  without  regard  to  that  of  the  range;  few  would 
realize  that  by  running  all  the  stock  the  range  will  cairy  they  are 
actually  overstocking — that  is  to  say,  seriously  depleting  the  range  and 
retlucing  the  number  of  head  which  can  be  carried  in  future  years. 

I'niike  arable  land,  which  is  cultivated  and  resown  artificially  year 
after  year  and  on  which  the  crops  can  therefore  be  cropped  close 
without  injurj',  a  stock  range  has  to  seed  itself  naturally,  and  on 
account  of  the  high  mortality  percentage  among  seeds  under  ordinary 
conditions  it  must  be  allowed  to  seed  itself  heavily  or  else  it  will 
deteriorate. 

Excessive  laud  rahiaf ions. — In  discussing  values  the  distinction 
between  an  annual  and  perennial  range  must  be  borne  in  mind.  Tli© 
annual  range  is  much  more  subject  to  change  than  the  perennial 
range;  therefore    the  difference   between   maximum  and  optimum 
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capacity  is  very  much  yreat^r  in  the  ease  of  the  former  than  of  the 
latter.  The  vahie  of  a  range,  moreover,  depends  not  alone  on  the 
number  of  head  it  will  carrj-.but  also,  and  priniarilj',  upon  the  nature 
and  quality  of  the  foi-age.  If  the  prevailinji  forage  planti^  are  annnals, 
or  even  perennial  hunch -grasses,  the  maximum  carrj'ing  capacity,  for 
a  few  years  at  least,  may  be  as  high  as  a  range  producing  tui'f-formiiig 
or  creep ing-roott-d  grasfles,  but  its  optimum  will  l>e  much  lower. 

Hoic  overstocking  effects  deierioraiion. — Two  factors  are  at  work  on 
range  deterioration.  One  is  the  destruction  of  the  choicest  forage 
plants  by  selection;  the  other  the  introduction  of  uneatable  weeds 
which,  multiplying  rapidly,  crowd  out  the  often  less  vigorous,  useful 
species,  and  fill  the  spaces  left  vacant. 

So  long  as  there  is  a  choice  left  to  them,  stock  naturally  wander  over 
a  range,  picking  out  from  among  other  plants  the  specially  palatable 
species.  Thus,  by  close  cropping,  the  favorite  fi)rage  plants  may  l)e 
almost  entirely  prevented  fi'om  seeding.  On  an  "annual"  range 
most  of  the  plants,  being  shallow-rooted  annuals,  are  easily  pulled  out 
and  destroyed.  As  they  depend  entirely  on  the  production  of  seed  for 
the  propagation  of  their  kind,  it  is  clear  that  in  this  way  their  num- 
ber is  rapidly  diminished.  A  few  alwaj's  escape,  on  account  of  their 
situation  in  secluded  places,  or  because  of  their  depauperate  size,  or 
from  other  causes,  but  these  are  too  few  in  number  or  too  poor  in  seed 
production  to  maintain  the  productiveness  of  the  range. 

On  a  virgin  range  there  is  not  onlyan  abundance  of  plants  sufBcieut 
to  feed  all  the  stock  and  to  scatter  seed  as  well,  but  also  a  large  quan- 
tity of  ungerminated  seed  lying  dormant  in  thesoil.  Onthisaeeount 
it  is  clear  that  such  a  range  may  be  sti>cked  to  its  maximum  capacity, 
for  a  short  time,  without  injury.  After  a  year  or  two,  or  perhaps  a 
still  shorter  time,  the  granary  of  surplus  seed  is  exhausted  and  heaiy  . 
stocking  prevents  the  formation  of  more  than  a  small  quantity  of 
newseed.  Then  deterioration  commences.  Everj'  plant  eaten  means 
not  only  the  loss  of  one  individual  but  also  the  destruction  of  so 
much  reproductive  power.  Formerly  there  were  plants  enough  not 
only  for  forage  but  also  for  seeding;  now,  every  one  eaten  represents 
so  much  seeding  capacity  destroyed.  And  herein  lies  the  difference 
in  value  (now  represented  by  many  dollars)  between  the  annual  and 
the  perennial  range,  As  an  annual  range  depends  on  the  production 
of  seed  for  its  preservation,  close  feeding  means  the  destruction  of 
the  next  generation  as  well  as  the  present.  A  pen^nnial  range,  on  the 
other  hand,  does  not  depend  upon  seed  for  its  presei'\ation  and  often 
not  for  its  reproduction;  foi'  the  individual  plants  live  on  fi-om  year 
to  year  and  the  be«t  of  them  pi-opagate  themselves  from  their  run- 
ning underground  stems.  Such  plants  can  be  pastured  comparatively 
close,  not  only  without  injury  but  with  absolute  benefit,  for  close 
grazing  induces  them  to  throw  out  more  i-oots  and  fonn  a  denser  turf. 

The  selection  bj'  stock  of  the  choicest  of  the  annual  plants  hastens 
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deterioration  in  Another  way.  The  reduction  in  the  number  of  plants 
leaves  so  much  more  nutriment  and  space  available  for  the  growth  of 
weeds  and  other  less  valuable  species.  Weeds  invariably  follow  the 
introduction  of  stock  into  a  countiy.  By  range  weeds  we  mean  any 
plants  of  thriftj',  vigorous  habit,  which  are  distasteful  to  stock.  Just 
as  certainly  as  the  selection  by  cattle  of  the  choicest  plants  makes  it 
difOcult  for  them  to  maintain  a  foothold,  so  surely  does  the  same 
process  of  selection  allow  the  weeds  every  opportunity  to  increase,  by 
maturing  and  scattering  seed  ^Tithout  let  or  hindrance. 

These  weeds  are  largely  alien  species,  introduced  chiefly  by  acci- 
dent, with  the  advent  of  the  white  man,  or  along  with  the  domestic 
plants  and  animals  introduced  by  him  at  a  later  dale.  They  are  often 
plants  which  have  become  hardened  to  much  more  adverse  conditions 
of  soil  and  climate  than  they  find  in  California,  and  therefore  grow 
with  greater  luxuriance  and  spread  with  greater  rapidity  than  species 
which  have,  by  long  continuance  under  uniformly  favorable  condi- 
tions, shown  a  tendency  to  "run  out  "or  to  deteriorate.  The  struggle 
for  existence  seems  to  l>e  as  keen  among  plants  as  among  human 
beings,  and  if  one  species  or  race  is  killed  out  by  its  animal  or  other 
enemies,  another  race,  less  liable  to  attack  by  the  same  kind  of  enemy, 
steps  in  to  fill  the  space.  Under  these  conditions  it  is  evident  that 
on  an  overstocked  annual  range  those  species  which  are  especially 
l>alatable  to  stock  will  have  little  cliauce  to  propagate  their  kind. 

Wi}d  oats  and  alJUeriUa. — If  the  destruction  of  the  most  palatable 
forage  plants  by  selection  is  constantly  going  on,  how  could  such  pala- 
table species  as  wild  oats  and  alfllerilla  ever  have  become  so  abund- 
antly naturalized  as  to  1>e  the  prevailing  plants  on  the  ranges  in  the 
relatively  short  time  since  the  Spanish  occupation  of  California?  And 
if  they  had  at  one  time  been  able  to  establish  themselves  as  aliens 
would  not  the  same  factor  which  enabled  them  to  establish  them- 
selves prevent  their  being  killed  out  by  pasturing  at  a  later  dat«? 
Is  it  not  more  pi-obable  that  they  are  indigenous  species,  which  have 
suffered  numerical  diraimition  in  the  same  way  as  have  the  wild  clo- 
vers? Such  are  the  questions  asked  in  this  connection.  We  are  not 
at  ])resent  prepared  to  answer  them  decisively,  but  to  anyone  who 
has  watched  the  spread  of  introduced  weeds  in  California,  especially 
those  from  the  Mediterranean  region,  the  exotic  origin  and  rapid 
increase  of  wild  oats  and  alfllerilla  will  not  appear  improbable,  even 
in  the  face  of  general  range  deterioration.  ITsually  European  weeds 
find  themselves  quit*  at  home  on  the  soil  of  this  State,  new  to  them, 
and  comparatively  unimiKJverished.  Annual  species,  especially, 
spread  with  great  rapidity.  If  the  wild  oats  and  alfllerilla  were  intro- 
duced at  the  time  of  the  Spanish  occupation,  when  cattle  were  com- 
paratively few  in  the  land,  they  would  have  abundant  opportunity  to 
"take"  the  country  in  spite  of  being  relished  by  stock.  Later,  how- 
ever, as  cattle  multiplied, "and  sheep  were  introduced,  forage  became 
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relatively  less  atjundant,  and  at  the  same  time  weedy  species,  such  as 
small  fox-tail  and  squirrel- tail,  less  liked  I)y  cattle,  came  in,  grad- 
ually monopolizing  the  ground  left  variant  by  the  deetriietion  of  tlie 
wild  oats  and  alfilerilla. 

Exactly  the  same  process  of  introduction  and  eradication  is  taking 
place  at  the  present  time  under  our  own  eyea.  Soft  chess  has, 
within  recent  years,  taken  possession  of  the  hills  in  some  parts  of  the 
State,  much  to  the  disgust  of  stockmeu.  Soouei-  or  later  the  cattle 
have  taken  such  a  fauey  to  the  new  forage,  either  from  necessity  or 
choice,  that  it,  in  turn,  has  heen  almost  eaten  out,  enough  being  left 
to  show  that  it  was  once  there,  and  other  species  not  yet  liked  by 
cattle  are  taking  its  place. 

So  this  process  of  elimination  or  natural  selection  goes  on.  Species 
which  are  liked  by  stock,  but  which  are  unable  to  retjiin  their  hold  oq 
the  soil  when  grazed  or  trampled,  disappear  or  become  scarce,  and 
other  species  come  in  and  take  their  place,  'lliese,  in  turn,  must  pass 
away  if  unfitted  to  maintain  the  struggle  for  e.tistenee.  Only  the  fit- 
test survive — the  fittest  from  the  standiwint  of  the  plant — the  least 
fit  (the  weedy,  useless  speiaes)  from  the  standpoint  of  the  rancher. 

BtDich  grasses. — The  fact  has  already  been  alluded  to  that  the 
so-called  "  bunch  grasses  "  are  uot  as  well  adapted  for  grazing  as  are 
running  and  turf-forming  species.  On  account  of  their  tuft-forming 
nature  the  former  are  more  easily  pulled  out  than  are  species  which 
spread  by  means  of  undei^fronnd  rootstocks. 

Sheep  versus  cattle. — Cattlemen  think  that  the  great  depi-eciation  in 
carrying  capacity  is  due  Xa  sheep,  claiming  that  sheep  do  far  moi-e 
injury  to  a  range  than  do  cattle.  This  is  only  partially  true,  however, 
and  while  it  may  be  true  that  a  range  overstocked  with  sheep  will 
suffer  more  on  account  of  their  close  biting  than  one  overstocked  with 
cattle,  which  do  not  graze  so  elo  ely,  it  is  equally  true  that  a  sheep 
range  carrying  only  the  optimum  number  can  be  kept  in  better  con- 
dition than  a  cattle  range  which  carries  the  ma.\inium  number.  Sheep 
do  no  more  damage  than  cattle  if  properlj-  handled  and  not  crowded, 
and  they  can  be  kept  without  iujury  to  the  range;  in  fact,  it  was 
claimed  by  intelligent  stockmen,  accustomed  to  handle  both  sheep  and 
cattle,  that  certain  sheep  ranges  in  Slendociiio  County  wer«t  at  tiie 
time  of  this  investigation  in  Iwtter  condition  under  sheep  after  three 
yeaiv  of  comparative  drought  than  they  were  thirty  yeare  ago. 

It  is  an  indisputable  fact  that  .some  men  have  made  a  financial  suc- 
cess of  sheep  raising  on  the  open  range,  an4l  that  at  the  same  time 
their  ranges  are  in  as  good  condition,  and  in  some  cases  better,  than 
adjoining  cattle  ranges. 

It  is  not  improbable,  however,  that  sheep  do  nioi-e  damage  than 
cattle  to  perennial  "bunch-grasses." 

Summary. — The  cause  of  range  deterioration,  therefore,  is  ovei"- 
stocking,  and  it  is  the  animals  themselves  that  do  the  damage.     Fur- 
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ther,  the  point  at  which  overstocking  commences  has  not  heen 
decisively  defined  and  varies  with  the  individual  range.  What,  then, 
can  the  stockman  or  range  owner  do  to  improve  his  condition?  He 
may  well  say  that  the  range  is  run  for  the  sake  of  the  stock  that  can 
he  raised  on  it  and  not  for  the  sake  of  preserving  tlie  feed,  and  that 
though  stock  may  be  the  cause  of  range  deterioration  they  can  not  l>e 
eliminated  from  the  problem. 

The  task  is  only  just  begun,  however,  and  the  problem  can  not  be 
solved  immediately.  In  the  following  pages  some  suggestions  are 
oflferetl  which  it  is  hoped  will  prove  steps  toward  the  desii-ed  end. 

RA.S'OE  PRESERVATION. 

It  is  important  to  reiterate  that  if  range  renewal  or  improvement  is 
to  be  accomplished,  the  practice  of  carrying  the  maximum  number  of 
stock  on  the  rang«,  or,  in  other  words,  of  overstocking,  must  be  aban- 
doned. It  is  believed  that  it  is  possible  to  permanently  raise  the 
optimum  oarrj-ing  capacity,  but  it  is  impossible  to  do  so  while  heavy 
stocking  is  prat-tieed. 

Success  on  one  range,  as  compared  with  failure  on  an  adjoining  one, 
is  not  due  to  anj'  difference  in  location  or  other  range  conditions,  nor 
to  any  differences  in  the  grasses  or  other  plants  composing  the  pas- 
ture; the  natural  conditions  generally  are,  or  have  been,  identical 
with  those  of  adjacent  and  less- productive  ranges.  The  secret  lies  in 
good  management,  and  good  management  primarily  t'onsists  in  carry- 
ing the  optimum  number  of  stock  and  allowing  plenty  of  grass  to  go 
to  seed — to  go  to  waste,  as  the  majority  of  stockmen  would  call  it. 

Mr.  J.  H.  Clarke  and  Colonel  Harding,  both  successful  stock 
ranchers  on  a  large  scale,  are  agreed  in  declaring  that  over  thirty 
years  of  experience  proves  that  this  surplus  grass,  instead  of  being 
wasteti,  is  equivalent  to  so  much  capital  invested  in  the  range,  and  is 
the  cause  of  the  prosperity  of  the  few  as  compared  with  the  failure  or 
povertj-  of  the  many.  Such  men  do  not  stock  nearly  up  to  the  maxi- 
mum. Owning  their  own  ranges,  and  therefore  not  having  to  pay 
exorbitant  interest  on  the  capital  invested,  they  are  content  with  the 
profits  obtainable  from  the  optimum  number  of  stock.  As  a  result  of 
this,  they  not  only  maintain  a  uniform  carrying  capacity  without 
deterioration,  but  gain  in  other  ways.  Their  wool  is  always  cleaner 
and  commands  a  half  a  cent  a  pound  more  than  that  of  their  neigh- 
bors, and  both  their  mutton  sheep  and  their  lambs  command  a  higher 
price.  "We  aim,"  writes  Mr.  Clarke,  "to  keep  no  more, stock  than 
the  range  will  easily  support.  Better  a  superabundance  of  feed  than 
a  seai-city."  The  amount  of  grass  to  be  left  tosee<l  and  the  optimum 
carrying  capacity  can  be  determined  only  by  actual  experience.  Both 
Colonel  Harding  and  Mr.  Clarke  find,  however,  that  about  S  acres 
to  a  head  of  horned  stock  and  lA  acres  to  a  sheep  are  all  that  their 
ranges  can  carry  without  injury. 
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Formation  of  a  need  bed. — The  advantage  gained  by  allowing  a. 
great  deal  of  grass  to  go  to  seed  is  not  only  the  amount  of  seed  scat- 
tered, but  also  the  formation  of  a  seed  bed  of  decaying  leaves  and 
stems,  whiehencouragesgermination  and  protects  the  youDg  seedlings. 

Preserve  the  timber  and  brush. — Next  in  importance  to  preservation 
of  the  forage  plants  is  the  conservation  of  moisture  iu  the  soil  and  the 
preservation  of  the  water  supply.  The  ranges  which  we  are  discuss- 
ing lie  along  the  headwater.*)  of  the.  main  streams  of  the  coast,  and 
the  preservation  of  a  perennial  flow  of  water  in  these  streams  is  of 
as  much  iinijortance  to  places  many  mites  away  as  to  the  ranges 
themselves. 

In  their  desire  to  increa.se  the  earrj'ing  capacity  of  the  range  manj- 
raea  commence  first  to  clear  the  land  of  all  timber  and  brush  with  a 
view  to  producing  just  so  many  more  acres  of  pasture.  Unfortu- 
nately, however,  by  clearing  away  all  the  brush  and  limber  from  the 
gulches  and  springs  the  moisture  conteut  of  the  soil  is  diminished, 
the  available  drinking  water  for  stock  is  rendered  less  accessible,  and 
there  is  probability  of  greater  financial  loss  than  profit  from  the 
labor  expended.  In  the  Redwood  l»elt  it  is  noticeable  that  where 
both  timtK'r  and  brush  have  l>een  cleared  away  springs  and  small 
streams  have  l>een  dried  up,  although  the  coudition.s  for  the  preser%-a- 
tion  of  perennial  springs  and  streams  are  more  favorable  thei-e  than 
on  the  upland  ranges.  Not  only  is  the  summer  water  supply  dimin- 
ished by  removing  timber  and  brush  fram  the  headwaters  of  the 
streams,  but  the  soil  on  the  steep  slopes  washes  away  with  much 
greater  rapidity,  owing  to  lack  of  protection  from  fiercely  beating 
rains,  thus  increasing  the  depth  and  steepness  of  the  canyons,  which 
in  turn  facilitates  the  washing  away  of  -soil  from  the  upland  slopes. 
In  Europe  and  elsewhere  much  valuable  land  has  Ijeen  mined  in  this 
manner. 

Maximum  versus  optimum  slocking. — While  it  is  impossil»le  with 
our  present  imperfect  knowledge  of  the  facts  of  the  ease  to  deter- 
mine the  exact  difference  between  the  maximum  and  the  optimum  of 
range  capacity  in  any  case,  it  seems  certain  that  a  very  slight  reduc- 
tion in  size  of  the  "band"  of  stock  to  a  point  l)elow  the  maximum 
would  soon  make  an  appreciable  improvement  in  the  carrying  capacity 
of  the  range  and  would  be  a  step  towanl  its  renewal. 

The  practical  stockman  will  naturally  inquire  whether  the  result- 
ing gain  would  be  worth  the  sacrifice  of  even  that  numlwr  of  head  of 
stock,  representing  just  so  much  hard  cash  deducte<l  from  the  annual 
profits  of  the  range.  If  it  would  not,  he  will  not  be  likely  to  take  any 
further  notice  of  the  sug^stion.  In  oi-der  to  get  as  accurate  an 
answer  to  this  question  as  is  possible  without  direct  experiment,  let 
us  take  a  hypothetical  case  by  way  of  illustration. 

We  will  suppose  that  we  are  dealing  with  a  range  of  1,800  acres, 
stocked  to  its  maximum  carrying  capacity,  and  that  this  maximum  is 
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5  acres  to  one  head  of  cattle,  and  its  optimum  8  acres  to  one  liead. 
This  range  would  thus  be  carrying  3tiO  head  of  stock;  reduced  to  the 
optimum,  the  herd  would  number  225,  a  reduction  of  135  head,  or  37^ 
per  cent. 

Though  such  a  reduction  seems  heavy,  it  must  be  borne  in  mind 
that  some  of  these  annual  ranges  have  naturally  suffered  a  reduction 
by  overstocking  till  it  takes  10,  12,  or  even  20  acres  to  support  an 
animal,  which  means  that  the  herd  has  been  reduced  from  sheer  lack 
of  feed  from  360  to  180,  150  or  even  SO  animals  to  an  area  of  1,800 
acres.  This  does  not  take  into  consideration  the  possibility  of  still 
further  reduction  of  carrying  capacity  to  20  acres  to  a  head,  which  is 
said  to  be  sometimes  the  case,  but  which  is  perhaps  due  to  very  excep- 
tional circumstances. 

The  question  to  be  considered  is  whether  it  is  more  profitable  (1)  to 
continue  stocking  up  to  the  maximum  capacity  of  the  range,  with  the 
almost  certain  result  of  a  forced  reduction  of  the  herd  by  50,  60,  or 
possibly  75  per  cent  in  a  comparatively  short  time  from  lack  of  feed, 
or  (2)  to  voluntarily  reduce  the  hei-d  to  the  optimum  capacity  of  the 
range,  equivalent  to,  say  37^  per  cent  reduction,  with  the  result  that 
this  capacitj'  can  be  maintained  indefinitely,  that  the  stock  will  be  in 
better  condition  all  the  time,  and  will  command  higher  prices  than 
those  from  depreciated  ranges, 

A  few  figures  may  help  to  make  the  case  clearer.  We  have  no  data 
as  to  the  actual  number  of  years  that  one  of  these  annual  ranges  can 
continue  tocarry  the  maximum  number  of  head  without  deterioration, 
nor  do  we  know  how  long  it  has  taken  them  to  run  down  to  their  pres- 
ent poor  condition.  It  does  not  seem  probable,  however,  that  it  would 
take  more  than  fifteen  years  of  carrying  all  the  stock  a  range  can  pos- 
sibly feed  to  reduce  its  capacity  from  5  acres  to  10  or  12  acres  per  head. 

If,  for  argument's  sake,  we  take  the  arbitrary  figures  of  fifteen 
yeai-s,  and  assume,  moreover,  that  the  range  of  1,800  acres  has  been 
used  to  fatten  yearlings,  all  of  which  were  sold  off  the  succeeding  year 
and  new  stock  pui-chased,  the  aggregate  number  of  cattle  canied  in 
the  fifteen  yeai-s  under  the  plan  of  stocking  up  to  the  maximum  would 
be  3,!)30,  and  at  the  end  of  the  period  the  carrying  capacity  would 
have  been  reduced  from  360  head  to  150  head.  Supposing  that  this 
ratio  of  150  head  could  be  maintained  for  the  next  thirty  years,  we 
should  have  an  aggregate  number  of  8,430  head  of  yearlings  raised  "in 
the  forty-five  years. 

If,  however,  we  reduce  the  herd  to  the  optimum  at  the  outset,  we 
should  find  the  aggregate  number  raised  would  be  3,375  head,  in  fif- 
teen years  555  head  less  than  by  the  old  method;  but  at  the  end  of 
the  fifteen  years  the  herd  numlwrs  225  instead  of  15't,  and  this  num- 
ber can  be  maintained  indefinitely ;  in  ten  j-eara  more  we  find  that  the 
aggregate  has  risen  to  5,035,  as  against  only  5,430  by  the  maximum 
method,  an  increase  of  lii5  head,  and  by  the  end  of  forty-flve  years 
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the  aggregate  is  10,125  heaii,  an  increase  of  1,695,  which  at  a  valua- 
tion of  415  per  head  would  be  worth  *:i5,425. 

Unfortunately  these  figures  are  not  decisive,  owinp  to  lack  of  data 
as  to  tlie  actual  length  of  time  it  takes  an  ovei-stocked  range  to  deteri- 
orate from  5  acres  per  head  to  10  or  12  acres  per  head.  It.  is  hoped, 
however,  that  they  will  be  of  some  service  to  stockmen  in  calling  to 
their  attention  a  method  l)y  which  they  maycftlculate  for  themselves, 
with  the  data  of  their  own  ranges  before  them,  whethei'  it  will  pay  to 
reduce  their  flocks  and  herds  to  the  optimum  carrying  capacity  of 
tlieir  ranges. 

But  whether  the  hypothetical  figures  are  based  on  correct  premises 
or  not,  the  accuracy  of  the  statement  can  not  i>e  denied  that  there  are 
men  to-day  who  are  profitably  running  cattle  and  sheep  ranges  on  the 
basis  of  the  optimum  carrying  capacity  of  the  mnge,  while  their 
neighbors  on  the  maximum  method  find  it  hard  to  make  a  comfortable 
living,  and  many  of  them  have  mortgaged  their  ranges  up  to  the  limit 
or  have  lost  them  thi-ough  foreclosure. 

RASOK  HEXEW.^L. 

The  stockman  whose  range  capacity  is  already  as  low  as  10  or  12 
acres  per  head  is  less  interested  in  the  difference  between  maxi- 
mum and  optimum  than  in  the  pi-oblem  of  range  renewal,  i.  e.,  the 
possibility  of  restoring  his  range  to  a  capacity  of  8  or  possibly  5  acres. 

Though  something  can  bo  done  towa^l  range  renewal,  proliably 
witliout  actually  dimiuisliing  tlie  income  over  a  period  of  yeai-s, 
by  ascertaining  the  optimum  carrying  capacity  and  reducing  the 
band  correspondingly,  it  may  be  found  necessary,  where  a  range 
is  worn  out,  to  rcsoi-t  to  other  measures  to  restore  it  to  a  profitable 
condition.  In  such  cases  a  complete  rest  of  one  or  even  two  years 
will  undoubtedly  prove  highly  beneficial,  giving  the  native  forage 
plants  a  chance  to  attain  a  luxuriant  growth,  and  lo  produce  and 
scatter  the  largest  amount  of  seed  possilde,  iu  order  to  reestablish 
tliemselves.  Where  a  mortgage  has  been  foreclosed,  such  a  period  of 
rest  can  often  be  accomplished  while  waiting  for  a  i»urcluiser  or  ten- 
ant. But  to  make  it  effective,  the  fences  must  be  maintained  in  go(Kl 
condition,  in  order  to  keep  out  stray  stock,  especially  horses.  Some 
of  the  ranges  in  Mendocino  County,  which  were  lying  idle  during  tiie 
summer  of  ISDft  on  account  of  foreclosure  proceedings,  instead  of 
improving  by  the  enforeed  idleness,  suffered  from  (he  depredations  of 
bands  of  stock  whieli  had  either  strajed  there  or  were  purposely  pas- 
tured free  of  charge,  en  route  to  market,  having  gained  access  through 
gaps  in  the  dilapidated  fences.  If  a  range  is  worth  anything  at  all,  it 
is  surely  worth  keeping  well  fenced,  and  the  cost  of  maintaining  good 
fences  should  be  as  a  mere  trifle  compared  witli  the  increment  of 
^■alue  gained  by  a  period  of  complete  rest. 

In  many  cases  it  may  not  be  neces.sary  to  give  the  whole  range  a 
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rest  at  one  and  the  same  time.  Mr.  Bentley,  in  his  report'  on  the 
forage  plants  of  central  Texas,  tells  us  that  in  tliat  region,  where  ovei-- 
stoekinft  has  resnltinl  in  serious  rau);e  deterioration, "  some  of  the  lead- 
ing stockmen  are  now  dividing  up  their  holdings  into  several  pastures, 
one  being  held  exclusively  for  winter  use,  another  for  spring,  another 
for  midsummer  or  autumn.  This  practice  will,  in  the  case  of  the  winter 
pasture,  enable  the  early  gras-ses  to  ripen  and  shed  their  seeds." 
Such  a  course  may  not  prove  as  practicable  or  as  beneficial,  iiowever, 
on  the  annual  ranges  of  northwestern  California,  where  the  majority 
of  the  forage  plants  start  growth  together  and  matui-e  at  almost  the 
same  time,  a.s  it  may  be  in  central  Texas,  where,  as  Mr.  Bentley  says, 
"  there  is  a  great  variety  of  native  forage  plants  and  grasses,  com- 
prising species  that  appear  in  succession  from  February  to  Novem- 
ber." The  practice  may  prove  more  adaptable,  however,  to  the 
ranges  of  the  coast-bluff  belt. 

Instead  of  resting  the  whole  range  at  once  and  thereby,  perhaps, 
missing  a  season  of  exceptionally  good  prices  or  of  more  than  the  usual 
quantity  of  feed,  a  i>ortioii  of  the  j-ange,  say  one-seventh  part,  could 
be  fenced  off  and  rested  eacli  year,  the  hei-d  being  weeded  out  at  the 
same  time,  so  that  it  will  not  exceed  the  optimum  for  the  remainder 
of  the  range.  At  the  end  of  seven  years  the  rotation  should  be 
i-epeated,^nd  there  is  little  donbt  that  by  some  such  method  the  c  -^ 
rying  capaeity  could  be  gradually  raised. 

Where  injurious  weeds,  such  as  taealote  (Cenkiureit  melUensis) 
abound  it  will  be  found  worth  while  to  mow  them  off  before  they 
head  out. 

There  are  two  questions  to  be  answered  in  deciding  the  policy  of 
range  holding  and  stocking.  First,  is  it  good  policy  to  allow  the  cash 
value  of  the  range  to  deteriorate,  if  there  is  a  way  to  pi-eveut  it?  It 
is  a  true  proverb  which  says  "you  can  not  both  eat  your  cake  and 
have  it;"  and  overstocking  is,  as  we  have  endeavored  to  prove,  equiv- 
alent to  living  upon  both  interest  and  capital,  a  sure  way  to  diminish 
both. 

The  stockman  who  owns  his'  range  will  see  the  force  of  this  point 
more  quickly,  and  will  be  more  willing  to  act  accordingly,  as  far  as 
he  is  able,  than  the  renter.  He  will  realize  that  as  long  as  he  can 
make  a  living  off  his  rauge  he  can  not  do  better  tlian  invest  any  sur- 
plus in  improving  the  condition  of  both  range  and  herd  by  weeding 
out  and  keeping  the  number  down  to  the'optimum.  The  stockman 
who  rents  his  rauge,  however,  acts  on  a  different  principle.  His  sole 
object  is  to  make  the  most  out  of  the  I'ange  and  to  invest  his  surplus 
in  more  stock  or  in  other  Hues.  Naturally  he  does  not  care  anything 
about  maintaining  the  value  of  the  i-eal  estate,  as  it  does  not  belong 
to  him,  and  as  a  result  the  rented  range  usually  suffei-s  most  severely. 

•Bentley.  H.  L. :  A  Report  upon  the  Grasses  and  Forage  Plants  of  Central  Texas; 
V.  S.  Dept.  Agric,  Div.  Agros.,  Bnll.  10:  p.  10,  1888. 
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This  evil  can  be  remedied  to  a  great  extent  by  one  or  other  of  two  meth- 
ods: (1)  A  system  of  long-term  leases,  under  which  it  is  to  the  tenant's 
interest  not  to  materially  reduce  the  carrying  capacity,  at  least  during 
the  term  of  his  occupation;  and  [•2)  a  clause  in  the  lease  limiting  tbe 
number  of  head  to  be  carried  on  the  range.  In  the  latter  case  it  will 
obviously  be  necessary  to  exercise  great  care  not  to  sign  for  more 
than  the  optimum. 

The  second  point  to  be  considered  is  one  which  affects  both  the 
owner  and  the  holder  of  a  long-term  lease.  It  is  whether  it  is  ever 
wise,  from  the  point  of  view  of  peraonal  economy,  to  stock  beyond  the 
optimum  carrying  capacity.  In  view  of  the  fa<;t  already  pointed  out, 
that  when  once  commenced  the  deterioration  of  an  annual  range  pro- 
ceeds with  great  rapidity,  it  would  bH  poor  policy  to  coutiuue  to  carry 
1  head  to  5  acres,  or  3(10  head  on  a  l,8(iJ-aei'e  range,  with  the  certainty 
of  its  reduction  to  perhaps  150  head  in  fifteen  years'  time,  if  by  reduc- 
ing the  herd  at  the  start  to  1  head  to  8  acres,  or  a  t^ttal  of  '225  head,  the 
same  total  pro6ts  could  be  obtained  in  a  total  period  of  twenty  years 
and  the  size  of  the  herd  and  the  range  capacity  be  undiminished  at 
the  end  of  that  time. 

RANOE  IMPROVKMEKT. 

By  range  improvement  we  mean  not  only  its  restoration  to  its 
former  carrying  capacity,  but  also  an  improvement  of  the  character 
of  the  range  and  of  the  quality  of  the  feetl.  This  is  effected  by  the 
inti'oduction  of  other  kinds  or  races  of  forage  plants. 

In  order  to  understand  fully  the  problem  of  range  improvement, 
thei'eby  guarding  against  wastetl  effort  in  directions  which  offer  little 
chance  for  success,  it  i.-*  necessary  to  appi-eciate  the  conditions  whicli 
detenoine  the  character  of  the  forage  plants  on  a  particular  range. 

What  causes  the  difference  between  the  annual  and  the  perennial 
ranges  of  northwestern  CaliforniaV  The  perennial  ranges  (if  we 
exclude  alpine  meadows)  are  found  only  along  the  coast  bluffs,  where 
the  climate  is  relatively  cool  and  moist  in  summer,  owing  to  proximity 
to  the  ocean  and  the  prevalence  of  summer  fogs.  It  must  not  be  sup- 
posed from  this  that  these  maritime  perennial  ranges  keep  green 
throughout  the  summer.  They  do,  however,  keep  green  soriie  weeks 
later  than  the  interior  ranges,  which  feature,  together  with  the  fact 
that  they  do  not  deteriorate  as  rapidly  as  the  annual  ranges,  makes 
them  more  valuable  than  the  latter. 

The  annual  ranges,  on  the  other  hand,  are  found  in  the  interior, 
beyond  the  reach  of  the  sea  fogs.  The  open  ridges  are  exposed  to 
the  full  foree  of  the  scorching  north  winds  and  great  sun  heat  dur- 
ing a  period  of  sometimes  eight  to  ten  or  even  more  weeks  of  absolute 
fre<!dom  frem  i-aiu. 

It  is  evident  that  the  essential  characteristics  of  good  forage  grasses 
best  adapted  to  the  dry,  interior  ranges  are:  (1)  Adaptaliiiity  to  the 
peculiar  climatic  conditions;    (i)  tenacious   hold  on  the  soil,  i.  e., 
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capability  of  withstanding  trampling  and  grazing;  (3)  persistence  for 
more  than  one  year;  (4)  propagation  from  the  roots  rather  than  from 
seed. 

The  species  which  appear  to  best  meet  these  requirements,  and 
which  are  therefore  recommended  for  trial  on  the  annual  ranges,  are: 
BufTalo  grass,  blue  grama,  white  clover,  red  fescue,  sheep's  fescue, 
hard  fescue,  bur  clover,  California  lotus,  and  Australian  ray  grass. 

All  these  species  have  proved  suited  to  the  climate  and  conditions  at 
Berkeley,  but  whether  or  not  they  will  be  found  thoroughly  adapted 
to  the  climate  of  Mendocino  and  Humboldt  counties  can  be  deter- 
mined only  by  experimental  culture  on  the  ranges  themselves. 

If  possible,  they  should  be  planted  out  at  the  time  of  the  first  fall 

rains.     They  should  in  any  ease  be  carefully  fenced  from  stock  until 

thoroughly  established.     It  will  be  advisable  to  sow  at  the  same 

time  seed  of  some  annual  species,  such  as  soft  chess,  which  will  act  as 

,  a  nurse  crop  while  the  perennial  species  are  establishing  themselves. 

If  it  is  intended  to  sow  seed  in  quantity,  it  will  be  wise  to  have  it 
carefully  examined  at  the  time  of  the  purchase,  and  only  to  purchase 
clean  seed,  free  from  seeds  of  injurious  weeds.  Some  stockmen  have 
injured  their  ranges  almost  as  much  as  they  have  benefited  them 
by  the  introduction  of  injurious  weeds  along  with  the  seed  of  valu- 
able forage  plants. 

The  writer  does  not  presume  to  prescribe  an  absolute  and  infallible 
remedy  for  worn-out  ranges.  Each  range  has,  to  some  extent,  its  own 
individual  peculiarities,  and  the  man  who  has  lived  several  years  on 
the  land,  through  divers  seasonal  variations,  should  be  the  one  best 
fitted  to  decide  how  to  treat  that  land.  In  matters  of  range  renewal 
and  improvement  it  is  the  practical  and  well-informed  stockman  him- 
self who  will  have  to  bring  the  ranges  back  to  their  full  carrying 
capacity.  However,  such  a  man  is  always  looking  for  suggestions, 
and  it  is  with  the  view  of  bringing  them  directly  to  his  notice  that 
these  pages  have  been  written;  they  are  simply  suggestions,  and  theit 
adaptability  to  divers  conditions  must  be  decided  by  the  stockman. 

THE  COAST-BLUFF  BELT. 
CLIMATOLOOY, 

The  climate  of  the  belt  lying  immediately  along  the  coast  is  more 
equable  than  that  of  the  higher  interior  region;  proximity  to  the 
ocean  renders  the  winter  climate  milder,  and  snow  is  almost  unknown, 
except,  perhaps,  on  the  high  peaks  of  Cape  Mendocino,  In  summer 
the  prevailing  northwest  winds  ai-e  cold  and  the  heavy  sea  fogs  prevent 
any  excess  of  sun  heat,  so  that  even  in  July  and  August  warm  under- 
clothes and  an  overcoat  are  acceptable  adjuncts  to  a  stage  ride.  The 
summer  precipitation  is  greater  here  than  in  the  interior. 

This  moisture  of  the  atmosphere  makes  it  difficult  to  harvest  a  good 
18766— No.  12— fi^ 4 
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quality  of  grain  liay,  and  oat  hay,  of  which  a  considerable  quantity  is 
raised,  is  usually  dark  in  color.  The  greater  moUtnre  also  favors  the 
development  of  rust,  which  does  much  damage  to  grain  hays. 

The  stock  ranges  along  the  coast  are  limit«d  to  the  narrow  mesa  or 
bench  between  ihe  cliffs  and  the  first  mountain  ridge  which  separates 
it  from  the  redwood  belt  on  the  east.  At  Point  Arena,  Point  Gorda, 
and  Cape  Mendocino  the  mesa  is  broader,  as  the  redwood  belt  does 
not  follow  the  coast  line,  which  juts  into  the  ocean  at  these  points. 
The  topography  at  the  two  latter-named  places  is  exceedingh-  mouD- 
tainons  and  the  country  corresxtondingly  wild  and  sparsely  settled. 

THE  MESA  LANDS. 

Soils. — The  soils  on  the  coast  bluffs  differ  materially  from  those  of 
the  interior  plateau  and  from  those  of  the  valleys.  In  many  places, 
as  on  the  bluffs  at  Point  Arena  and  Fort  Bragg,  they  contain  a  large 
admixture  of  blown  sand,  which  renders  them  light  and  friable.  Such 
soils  are  often  poor  in  quality  and  unfitted  for  the  production  of  good 
grass  crops,  except  where  they  have  been  fertilized. 

By  heavy  manuring  every  other  year  good  crops  of  red  and  black 
oats  are  produced.  The  second  year  stock  are  grazed  on  the  "volun- 
teer" crop,  or  the  ground  is  planted  with  potatoes,  which  are  well 
8uit«d  to  the  soil  conditions.  The  soil  also  seems  to  be  well  adapted 
to  carrots,  mangel-wurzel,  and  cabbages,  which  are  grown  as  fall 
feed  for  cows. 

These  poorer  sandy  lands  are  usually  characterized  by  growths  of 
the  dwarf  native  pines,  Pinus  muricata  and  P.  coiitorta. 

Between  Manchester  and  Greenwood,  and  particularly  on  a  strip  of 
land  some  3  miles  long  near  Miller,  a  richer  and  apparentlj'  deeper 
soil  occurs,  producing  splendid  crops  of  wheat,  barley,  and  other  farm 
produce,  and  proving  well  adapted  to  the  cultivation  of  beans  and 
potatoes.  Sweet  peas,  field  peas,  edible  peas,  cabbages,  and  other 
horticultural  ci'ops,  in  spite  of  the  foggy  summer  climate,  are  here 
grown  as  seed  crops  for  the  San  Francisco  market.  Some  80,000 
bushels  of  grain  and  1,500  tons  of  hay  are  reported  as  having  been 
produced  in  this  vicinity  in  1899. 

Grosses  and  other  forage  ■plants. — As  before  noted,  perennial  grasses 
are  relatively  more  abundant  in  numbers,  both  of  species  and  indi- 
viduals, along  the  coast  than  in  the  interior.  On  account  of  the  length 
of  time  occupied  by  the  inland  journey  and  the  occurrence  of  an 
exceptionally  dry  season,  the  writer's  coast  trip  was  made  too  late  in 
the  season  to  find  all  the  grasses  in  condition  to  collect,  and  the  deter- 
mination of  some  of  the  most  impoitant  of  them  has  therefore  to  be 
left  to  a  future  occasion. 

Danihonia  californica,  Festuca  rubra  var.,  an  undetermined  species 
of  Poa,  Cala'magwstis  aleutica,  Deschampsia  cfEspiiosa  and  D.  holci- 
formis  are  the  prevailing  grasses,  danthonia  being  the  most  abundant 
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and  often  forming  a  dense  turf  of  excellent  pasturage.  The  ray 
grasses,  perennial,  Italian,  Australian,  and  many-flowered,  have  been 
introOuced  and  are  now  freely  naturalized  in  many  localities,  adding 
materially  to  the  value  of  the  uncultivated  forage.  Soft  chess  is  met 
with  but  sparingly. 

Ball  clover  {Tn/olium  wormskjoldii)  is  common  in  springy  places, 
and  bear  clover  {T./ucoiumuireaccna)  on  siidy,  clay  soils  on  the  higher 
ranges;  these  two  are  considered  as  among  the  best  native  forage 
plants.  White  clover  { T.  repens)  has  become  established  along  road- 
sides; burclover(jlfed!ia(/odcniicufc!i«)and  black  medic {3f./«puZma) 
are  sparingly  naturalized.  Red  clover  {T.  pratense)  has  become  nat- 
uralized in  a  few  localities. 

California  lotus  {Lotus  americanus)  is  commonly  met  with  in  dry 
places  among  brush  and  on  the  open  ranges  on  Bear  River  Bidge. 
Rib  grass  {Plantago  lanceolata)  is  naturalized  in  several  places,  and 
furnishes  a  small  quantity  of  late  summer  feed. 

A  variety  of  red  fescue  forms  a  somewhat  sparse  turt  on  the  sandy 
summits  of  the  cliffs.  In  crevices  and  on  ledges  of  the  rocky  cliflfs 
Calamagrostis  aleutica,  Agrosfis  densifiora,  Poa  unHat-eralis,  and  spe- 
cies of  Bromus  and  Ehjnius  hold  the  soil  in  company  with  such  mari- 
time plants  as  Erigeron  gJaucus,  MesembryanViemum  (squilalerale, 
Lupinn^  michenerii,  etc. 

The  cooler  and  moister  summer  climate  of  the  coast  induces  the 
forage  plants  to  keep  green  two  or  three  weeks  later  than  on  the  inte- 
rior ranges;  they  are  at  their  best  in  the  months  of  May  and  June. 
The  yield  of  forage  diminishes  seriously  toward  the  end  of  Julj',  and 
the  feeding  of  dairy  stock  with  forage  crops  then  iMjgins.  At  Point 
Arena  some  dairymen  commence  feeding  with  field  pea.**,  which  are 
fed  green,  following  with  root  crops,  of  which  carrots  and  mangel- 
wurzel  are  principally  used.  The  improved  strains  of  cattle  pai'snip 
are  well  worth  trial  in  this  section. 

Few  sheep  are  now  run  on  the  mesa  lands;  cattle  are  raised  through- 
out the  belt,  there  being  a  steady  demand  for  beef  in  the  lumber 
camps  of  the  adjacent  redwood  region. 

The  high  bluff  lands  of  Cape  Mendocino,  from  Bear  River  Bidge  to 
the  Upper  Mattole,  furnish  probably  the  fittest  perennial  stock  ranges 
of  Humboldt  County.  Danthonia  forms  a  large  part  of  the  forage, 
and  perennial  ray  grass  has  become  established  iji  many  spots,  add- 
ing much  to  the  early  winter  feed.  Rib  grass  is  occasionally  met 
with  and  furnishes  a  small  amount  of  late  feed,  but  it  is  of  very 
little  value  for  cattle.  Our  visit  was  made  too  late  in  the  season  to 
find  the  native  grasses  in  condition  for  collection  and  determination. 

Orchard  grass  and  oats  are  successfully  cultivated  on  these  hills, 
and  are  used  both  for  haj-  and  silage,  two  or  thi-ee  silos  having  been 
built  during  the  last  two  years.  Several  creameries  are  in  use,  the 
butter  being  cairied  a  distance  of  10  to  15  miles  to  the  nearest  rail- 
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road  for  shipment  to  Eureka,  whence  it  is  sent  down  to  San  Francisco 
by  steamer. 

The  Cape  Mendocino  ranges  are  in  greater  need  of  early  winter^ 
growing  grasses  than  of  summer  grasses,  differing  entirely  in  this 
respect  from  the  ranges  of  the  iaterior.  The  species  which  seem  most 
likely  to  answer  this  need  are:  Many-flowered  millet  gia,ea{Orysopsis 
rniiiacea),  reed  fescue  {Festttca  artindinacea),  Texas  blue  grass  {Poa 
arachnifera),  tall  oat  grass  {ArrJtenatherum  eUUius),  Japanese  wheat 
grass  {Brachypodium  japonicum),  rescue  grass  {Bromu^  vnUdenotvii), 
awnlesa  broine  grass  {Bromus  inermis). 

THE  WHITE-A8H  PRAIRIES. 

On  the  ridges  which  separate  the  smaller  coast  streams,  e.  g.,  the 
Noyo  and  Albion  rivers,  are  found  the  "white-ash  prairies,"  or 
"white  plains,"  which  are  almost  confined  to  this  part  of  the  State. 
They  do  not  cover  the  whole  of  a  ridge,  but  predominate  near  its 
western  extremity  where  the  sandstones  outcrop.  As  its  popular 
name  implies,  the  soil  on  these  prairies  is  white  and  powdery;  it 
quickly  works  up  into  a  thick  dust  resembling  white  wood  ashes.  It 
is  about  a  foot  in  depth,  overlaying  a  sandstone  of  very  loose  texture, 
and  is  said  to  be  no  impervious  that  after  water  has  been  allowed  to 
stand  for  two  weeks  it  scarcely  penetrates  more  than  an  inch  or  two. 
A  preliminary  examination,  kindly  made  by  Prof.  R.  H.  Loughridge, 
of  the  agricultural  experiment  station  at  Berkeley,  shows  that  this 
soil  contains  a  high  percentage  of  humic  acid  and  a  low  percentage 
of  phosphates  and  mineral  matter;  the  subsoil  (sand)  la  weak  in  phos- 
phates. Dr.  Loughridge  points  out  that  on  such  soil  grain  crops  could 
not  be  expected  to  live,  though  a  few  of  the  hardier  grasses  might 
succeed,  and  that  liming  the  soil  would  probably  improve  it,  counter- 
acting the  excessive  acidity. 

As  might  be  expected  of  a  soil  with  such  marked  peculiarities,  it  is 
characterised  by  a  distinctive  flora;  such  trees  and  shrubs  as  attain  a 
normal  height  on  adjacent  soils  l>eGome  dwarfed  to  almost  pigmy 
size  on  these  white  plains;  the  species  most  frequently  met  with  are: 
Tan-oak  {Quercus  detisiflora),  Prickle-cone  Pine  {Pmus  muricata), 
Coast  Scrub  Pine  (PinuscoKiorta),Gowan  Cypress  {Cupressua  yoverii- 
ana),  Chinquapin  {Castanopsvt  chrysophylla),  Salal  {OauUheria  shal- 
loii).  Huckleberry  {Vaccinium  ot'a(Mm),  Rhododendron  {Rhododen- 
(Iron  valifornicum),  Sfyrica  (Myrica  ralifoniica),  Labrador  Tea 
[Ledum  glundulosum),  TAtLnzanita,  {Arctosfaj)hy[os  7tum7mdaria  nnA 
other  species)  and  species  of  Ceanofhus. 

Sub-shrubby  and  herbaceaous  plants  are  also  dwarfed;  the  follow- 
ing are  common:  Polygaki  californica,  Helkinthemitm  scoparium, 
Xerophyllum  fenax,  Hypericum  concinimm,  Qentiana  memiesii,  Q. 
oreijana,  LiUum  marifhnum,  Panicum  itn<:iphyllum,Agroslispringlei, 
and  Lolas  leufopluBus. 
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Perhaps  ow-iog  to  the  sandy  and  impervious  nature  of  the  soil,  sphag- 
num and  peat  swamps  have  formed  in  the  low  hollows  on  the  plains, 
a  particularly  remarkable  feature  at  such  a  low  altitude,  and  especi- 
ally HO  as  neither  peat  nor  sphagnum  are  known  to  us  as  oc^curing 
elsewhere  in  the  Coast  Ranges  of  northern  California.  The  plants 
most  commonly  met  with  in  these  swamps  are:  L€<lum  glanduiosiim 
(the  prevailing  species),  Lomaria  spicaiU,  GauUherui  3haUon,  Myrica 
califomica,  Veratruin  fitnhrUxtum,  Viola  samientosa,  Trientalis  euro- 
pisa  latifolia,  Sisyrinchium  californicum,  Lotus  formosissimiis,  Cor- 
nus  canadensis,  Hypericum  anagalloides,  Gentiana  memiesii,  Pote- 
riumqfficinaJe,  Phalarisc{p.rulesceTis,  Drosera  rotundifolia,  Cavvpanula 
Unnmfolia,  Calavmyroatis  al&utica,  C.  bolanderi,  C.  crusaiglumis, 
Agrostis  pringlei,  Juncus  bolanderi,  J.  faleatus  panicidaius,  J.  supin- 
iftyrmis,  several  species  of  Carex,  among  which  (according  to  Boott") 
occur  the  following:  CphyUomaniaca,  Cmendocinensis,  C.vaUicola, 
C.  slerUis,  C.  aalina  mutica,  C.  livida,  C.  polymorpha,  C.  gynody- 
namia,  and  C  luzidina.  The  grasses  are  remarkably  few  both  in 
species  and  Individuals. 

According  to  the  State  Survey  Botany,*  the  sphagnum  moss  appears 
in  the  three  species.  Sphagnum  cymbifolium.,  8.  mendocinum,  and  S. 
subsecundum  longifolium. 

Other  plant  species  occur  on  the  plains  and  in  the  sphagnum 
swamps,  but  are  generally  less  abundant  or  less  noticeable.  An 
analysis  of  the  flora  as  above  listed  shows  that  ita  most  character- 
istic feature  does  not  consist  so  much  in  the  presence  of  endemic  spe- 
cies as  in  the  commingling  of  the  adjacent  redwood  and  coast  floras, 
with  the  addition  of  species  commonly  found  in  thin  soils  at  compara- 
tively high  altitudes,  and  of  certain  peculiarly  boi-eal  species,  rarely 
if  ever  found  at  other  points  in  the  Coast  Ranges,  and  when  met  with 
elsewhere  in  the  State,  usually  occurring  at  verj-  much  higher  alti- 
tudes. The  phenomenal  feature  is,  therefore,  the  occurrence  of  sev- 
eral species  belonging  to  high  altitudes  and  latitudes,  along  a  narrow 
coH.'tt  mesa  not  more  than  200  feet  above  sea  level,  and  between  the 
thirty-ninth  and  fortieth  degrees  of  north  latitude.  (All  the  species 
here  listed  with  the  exception  of  Arciostaphylos  uva-ursi  were  col- 
lected between  the  Navarro  and  Tenmile  rivers). 

To  make  this  point  clearer  we  may  classify  them  as  follows: 

Plants  met  with  on  comparatively  dry  ridges  at  various  altitudes  in 
the  redwood  belt:  Cupressus  goveniana,  Quercus  densijfora,  Poly- 
gala  californica,  Castanopsis ckrysophylla,  Xerophyllumtenax,  Qaul- 
tJteria  shaUon,  Vaccijiium  ovatum,  Hypericum  concinnum,  Helirtn- 
ihemum  scoparium.  Rhododendron  californicum,  Cennothus  spp., 
Myrica  californica,  Arct-ostaphylos  nummularia,t\,oA  other  species. 

Plants  of  moist,  shady  spots  in  the  redwood  belt:  Viola  sanneniasa, 
Trientalia  eiiropo'u  lafifolia. 

'Brewer.  Watson,  and  Gray,  PnblioitionB  of  the  Geol<^cal  Survey  of  Califor- 
Dia.  Botany,  2  Vole.,  1876  and  I8A0. 
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Coast-bluff  species:  Pinua  contorta,  P.  muricata,  Calamagroatis 
aleuiica,  Phalaris  oFrviescens,  Siayrinchium  califomicum,  Lotus 
fiyrmo^ssinius,  Oeniiana  oregana. 

Boreal  plant-s;  Comus  canadensis,  Arctostaphylos  uva-ursi,  Juncus 
siipiniformia,  Hijpericuvi  anagaUoides,  PoteHum  officinale,  Drosera 
rotund.ifolia,  Lomaria  spicant.  Ledum  glanduhsum,  Sphagnum  men- 
docinuvi,  S.  cymhifolium,  S.  subsecundum  longifolium,  Carex  vaUi- 
caifi,  C.  salina  muiica,  C  livida  (reported  from  "peat  bogs  and  pine 
barrens  friim  New  Jersey  and  New  York  to  Labrador  and  Lake 
Superior  and  high  northward  Alaska"). 

Species  apparently  endemio:  Veratrum  fimhriatum,  LUium  viari- 
iimum,  Campanula  linntsifolia,  Carex  phyllomaniaca,  C.  mendoci- 
nensis,  C.  gynodynamia,  Agrostis  pringlei,  Calamagrostis  bolanderi, 
C.  crassiglumis. 

Attempts  to  cultivate  the  white-ash  prairie  lauds  have  been  made 
with  great  labor  and  little  result.  Oats,  potatoes,  beans,  peas,  corn, 
and  cabbages  will  grow  fairly  in  the  best  8iK>ts,  and  velvet-grasa 
(Holcus  l(inattt.i),  a  little  ray  grass,  and  squirrel-tail  seem  to  thrive; 
orchard  grass  is  said  to  grow  but  poorly.  Tall  oat  grass  would  proba- 
bly thrive  as  well  as  the  velvet  grass  and  make  a  more  valuable  crop. 
Taken  all  in  all  the  conditions  are  very  unpromising  for  the  produc- 
tion of  agricultural  crops,  and  it  is  doubtful  whether  the  land  would 
ever  pay  for  the  cost  of  clearing  and  breaking.  Danish  settlers  claim, 
however,  that  it  would  make  good  farm  land  if  laid  down  to  some 
pasture  grass,  grazed  first  with  horses,  second  with  cows,  third  with 
sheep,  and  finally  plowed  and  treated  with  all  the  stable  manure 
available.  The  writer  could  not  find  that  any  one  of  them  had  tried 
to  put  this  precept  into  practice,  however,  and  it  is  at  best  highly 
doubtful  whether  any  good  pasture  grass  could  be  induced  to  grow 
there. 

The  native  vegetation  of  the  white-ash  prairies  furnishes  almost  as 
clear  an  indication  of  the  physical  and  chemical  nature  of  the  soil  as 
do  the  alkali  weeds  in  the  Great  Valley  Region  and  the  Colorado 
Desert,  The  poor  soils  are  invariably  indicated  by  the  low  stature 
of  such  shrubs  and  trees  as  grow  more  luxuriantly  on  adjacent  areas 
of  good  soil,  particularly  salal,  chinquapin,  cypress,  Xeriyphyllum, 
and  bracken,  and  the  presence  of  labrador  tea,  Lomaria,  and  Arctos- 
taphylos nummularia. 

BOTTOM  LANDS. 

Alluvial  lands  are  not  commonly  met  with  in  northwestern  Cali- 
fornia on  ivccount  of  the  mountainous  nature  of  the  country.  The 
principal  alluvial  areas  in  the  coast  section  are  the  bottom  lands  of 
Eel  River,  with  its  broad  flood  plain,  the  flood  plain  which  fringes 
Humboldt  Bay,  and  the  bottom  lands  of  Smith  River.  A  small  culti- 
vate<l  area  of  bottom  land  occurs  at  the  mouth  of  the  Garcia  River. 
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A  few  acres  of  unreclaimed  salt  marsh  are  also  fouml  at  th»i  mouths 
of  the  Noyo  and  Ten-mile  Rivers. 

SoUs. — On  the  flood  plains  at  the  mouth  of  Eel  River  and  the  other 
streams  eniptyiag  into  Humboldt  Bay,  we  find  the  richest  agricultural 
soils  of  the  region.  As  already  pointed  out  these  flood  plains  are  not 
delta  deposits,  but  are  the  result  of  corrasion  of  the  roeka  of  the 
wild-cat  formation.  Until  within  recent  years  they  have  been  sub- 
ject to  tidal  inundation,  but  a  large  portion  has  been  reclaimed  from 
the  ocean  by  means  of  embankments.  There  still  i-emain  large  areas 
of  unreclaimed  salt  marsh,  however. 

The  fertility  of  these  Iwttom  lands  is  a  source  of  constant  wonder 
to  those  unacquainted  with  the  prevailing  conditions.  To  quote 
again  from  the  Pacific  Rural  Press: 

Mr.  A,  Kaneen.  of  Femdale.  keeps  HH  cows  on  34  acres,  secnrea  an  average  yield 
of  300  ponndB  of  butter,  and  buys  no  feed  whatever.  The  cowa  are  on  paatnre 
nine  mouths  of  the  year,  and  for  the  other  three  are  fed  hay  and  roots,  all  grown 
on  the  34  acres.  J.  E.  Brown,  also  of  Femdale.  keeps  35  cows  on  40  acres,  his 
average  yield  and  feeding  being  liie  the  preceding.  These  records  are  strictly 
credible  when  one  knows  the  natnral  pasturage  conditions  prevailing  and  the 
favoring  climate  for  the  growth  of  supplementary  succulent  food  supplies.  The 
cows  are  simply  good  select«d  grades  of  dairy  breeds.  The  average  in  the  dairy 
sections  of  Humboldt  County— that  ia,  on  the  best  of  the  valley  lands— is  said  to  be 
H  acres  to  the  cow. 

Forage  crops. — The  principal  forage  crops  are  red  clover,  oat^,  and 
Italian  ray  grass  for  hay,  peas,  and  a  little  corn  for  soiling,  and 
mangel-wurzel  (locally  known  as  "beets")  and  carrots  for  root  crops. 
Some  alfalfa  is  now  grown  both  for  pasturage  and  hay,  and  barley 
for  ensilage.  Stock  are  frequently  pastured  on  red  clover.  Dutch 
clover  has  taken  possession  of  many  of  the  pastures. 

Red  clover  is  considered  by  far  the  best  and  most  productive  crop, 
but  farmers  complain  that  after  some  years  of  successful  growth  it 
"runs  out"  and  can  not  readily  be  started  again.  As  Professor  Hil- 
gard  has  repeatedly  pointed  out  to  them,  this  is  undoubtedly  due  to 
excessive  acidity  of  the  soil,  induced  by  lack  of  lime,  and  can  doubtless 
be  remedied  by  liming.  A  deposit  of  lime  has  been  found  on  Jacoby 
Creek,  between  Eureka  and  Areata,  which  promises  to  solve  the  diffi- 
culty and  to  render  the  continued  succes.'iful  cultivation  of  red  clover 
a  possibility.  The  following  method  of  treatment  is  recommended  by 
Professor  Hilgai'd,  who  writes  to  the  Eureka  Watchman,  as  follows: 

Relative  to  the  amount  of  lime  to  be  applied  to  your  sediment  landH  I  would  say 
that  half  a  ton  is  about  the  minimum  from  which  yon  can  espe<'t  any  prompt 
resnltH,  and  from  1  to  3  tons  is  the  nsnal  gange  in  such  cases.  However,  the  l)e8t 
amount  varies  materially  in  different  lands:  and,  as  yours  contains  so  little  clay, 
I  should  say  the  smaller  dressings  ntigbt  be  adequate  if  repeated,  rather  than 
nsing  at  once  the  4  or  5  tons  commonly  prescribed  In  the  old  country. 

The  way  they  use  it  there  is  to  haul  it  in  piles,  let  the  rains  slake  it,  and  when 
dry  enough  spread  with  shovels,  much  as  yon  would  stable  mannre:  then  harrow 
or  i-nltivate  in;  but  any  way  to  Hprca<1  it  uniformly  will  do.     It  can  be  maile  into 
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wbitewasb  and  filtered  from  a  cart  tank,  as  is  commonly  done  in  Holland.    It 

should  not  be  allowed  toairslake,  as  in  that  case  it  loses  some  of  Its  efficacy,  and  its 
action  becomes  slower.  Of  coarse  it  shonld  be  onderstood  that  qnicklitae  will  injure 
seeds  and  plants  with  whicb  it  comes  in  direct  contact.  It  should  be  applied  on 
the  bare  eoil,  and  is  especially  nsetnl  if  put  on  top  of  a  green  manure  crop  or  sod 
turned  nnder.  After  a  few  weeks  it  becomes  sof&ciently  mild  to  be  innocnons  to 
seeds  nnless  applied  in  very  large  amounts.  In  the  case  of  orcharda  or  vineyards 
small  sacceseive  dosea— say  halt  a  ton  to  the  acre— are  preferable  to  heavy  appli- 

Coniplaint  is  also  made  that  it  is  difficult  to  get  a  good  stand 
of  red  clover  on  newly  plowed  land.  This  difficulty  can  be  largely 
overeome  by  sowing  Italian  ray  graas  and  re^l  clover  together.  The 
grass  serves  as  a  nurse  crop  for  the  clover,  increases  the  yield  of  hay 
during  the  first  two  years,  and  gradually  "  runs  out,"  leaving  a  good 
stand  of  clover. 

Land  values. — While  upland  grazing  lands  in  large  tracts  vary  in 
price  from  $4  to  $15  per  acre,  accoi-ding  to  location,  carrying  capacity, 
etc.,  the  rich  bottom  lands  of  the  T^ower  Eel  River  Valley,  near  Areata, 
'  and  at  Salmon  Creek,  Elk  River,  and  .lacoby  Creek  are  held  at  from 
*75  to  4300  per  acre,  according  to  location  and  state  of  improvement.' 
Well-improved  farms,  fully  seeded  to  red  clover,  pay  good  interest  on 
the  latter  sum.  The  best  farm  lands  near  Ferndale  are  said  to 
command  $500  per  acre,  and  are  hard  to  obtain  at  the  price, 

SAND  DUKES. 

Dunes  of  drift  sand  of  greater  or  less  extent  are  found  throughout 
the  California  coast.  Wherever  they  occur  they  prove  detrimental 
to  agricultural  interests,  not  only  representing  so  jnuch  waste  land 
which  might  otherwise  be  utilized,  but  surely,  even  if  slowly,  spread- 
ing, and  sometimes  completely  ruining  what  might  have  been  the  best 
of  farm  lands.  On  account  of  the  slowness  of  their  encroachment, 
however,  farmers  and  landowners  are  often  indifferent  to  the  damage 
being  done. 

The  principal  sand  dunes  of  the  coast  of  northwestern  California 
occur  at  the  following  points: 

At  the  mouth  of  the  Garcia  River  at  Point  Arena,  on  the  Sheppard 
Ranch.  Though  not  extensive  at  this  point,  they  are  steadily 
encroaching  on  the  limited  area  of  rich  river-bottom  land,  and  have 
already  done  no  little  daii:age. 

Between  Pudding  Creek  near  Fort  Bragg  and  the  mouth  of  the  Ten- 
mile  River,  some  10  miles  north,  occur  the  worst  cases  on  the  whole 
of  the  coast  area  which  came  under  <mr  observation.  At  Inglenook  it 
is  said  that  thn  dunes  have  encroached  on  goo<^l  farm  land  to  the 
extent  of  500  feet  in  two  years.  At  Cleone  a  half  acre  of  orehard  has 
been  ruined,  tlie  trees  having  been  almast  wholly  covere<l  with  sand 
in  four  years'  time.     A  ranch  house  has  had  to  be  moved  and  the 

'Resources of  California,  San  Francisco,  September,  1900. 
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Fig.  2.— Yellow  San[>-verbena  iAbronia  latifoliai,  of  some  use  as  a  Sand  Binder. 
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county  roa<l  diverted  in  order  to  avoid  the  dnnes,  which  at  this  point 
are  of  great  size. 

At  Eureka  the  peninsula  which  almost  incloses  the  harbor  (see  Map 
III)  is  chiefly  composed  of  sand  dunes,  which  do  not,  however, 
encroach  on  the  mainland,  though  possibly  doing  some  damage  to  the 
harbor  itself  by  silting  up  the  channel." 

The  conditions  at  Humboldt  Bay  are  described  in  the  following 
extract:" 

Hnmboldt  Bay  is  14  milee  in  length  and  from  one-half  mild  to  4  miles  in  widtb. 
Ithaea  tidal  areaof  28  miles  and  35  linear  miles  of  navigable  channels.  It  is  situ- 
ated near  the  center  of  the  coast  line  of  Hnmboldt  County  and  extends  nearly 
parallel  therewith,  being  separated  from  the  ocean  by  two  narrow  peninsulas  of 
sand.  Being  so  completely  landlocked,  this  harbor  is  of  the  utmost  importance 
to  a  coast  so  barren  of  good  harbors  as  is  the  Pacific ;  bnt  its  Qsef  nlness  has  in  the 
past  been  seriously  impaired  by  shifttng  sand  bare,  which  obstructed  its  entrance, 
and  by  the  aballowness  of  some  of  its  inner  channeb.  In  1889  the  General  Gov- 
ernment began  improving  the  entrance  to  the  harbor  by  extending  two  jetties  of 
rock,  one  on  each  side  of  the  channel,  so  as  to  confine  the  waters  to  a  permanent 
way.  This  work  was  completed  in  September,  1898,  at  a  cost  of  more  than 
$2,000,000. 

Eel  River  for  a  few  miles  of  its  lower  course  is  navigable  for  small  vessels,  and 
has  at  several  periods  bad  regular  steamer  connection  with  San  Francisco;  bnt  its 
navigation  la  often  intermpted  by  the  formation  of  sand  bars  at  its  mouth. 

At  Ci-escent  City  the  mouth  of  a  creek  has  been  completely  closed 
by  drift  sand,  forming  a  lat^  lagoon  (Plate  VI,  fig.  1)  and  causing 
tlie  winter  flooding  of  extensive  grazing  lands.  The  protection 
afforded  by  a  native  pine  forest  appears  to  have  pi-evented  the 
encroachment  of  sand  on  the  farm  lands  at  this  point.  Should  this 
timber  be  cut  at  any  time  for  fuel,  which  is  likely  to  be  done  as  popu- 
lation increases  and  fuel  becomes  more  scarce,  a  large  tract  of  dairy 
land  would  be  jeopardized.  Precautions  should  be  takeu  against 
such  a  result. 

Big  Lagoon,  at  the  mouth  of  Maple  Creek,  Humboldt  County,  may 
perhaps  have  been  formed  in  the  same  way  as  the  lagoon  at  Crescent 
City. 

Native  sand  binders. — The  following  native  plants  grow  naturally 
on  the  sand  dunes,  and  act  to  a  greateror  less  extent  as  sand  binders: 

Abronia  latifolia  (yellow  sand  verbena)  (Plate  VI,  fig.  2)  is  com- 
mon at  the  mouth  of  the  Garcia  River;  of  some  value  as  a  sand  binder 
on  accouut  of  its  heavy,  prostrate  stems  and  large,  flat  leaves,  but  not 
the  best  plant  for  the  purpose,  as  it  does  not  root  at  the  nodes,  and 
oftentimes  the  sand  is  blown  away  from  beneath  the  branches,  leav- 
ing the  large,  fusiform  roots  exposed  to  wind  and  sun. 

Arctostaphylos  uva-ursi  is  a  prostrate  species,  forming  large  mats 
on  almost  pure  drift  sand  on  the  sand  spit  opposite  Eureka,  where  it 

'Since  the  above  was  written  complaint  has  been  received  by  the  writer  of 
serious  injury  to  lumber  mills  caused  by  the  drift  sands  at  this  point.  lU'clama- 
tioD  worh  has  already  been  started  by  tbe  planting  of  beach  grass. 

"■■  Resources  of  California." 
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becomes  a  valuable  sand  binder,  rooting  from  the  nodes.  It  fruits 
freely  in  such  situations,  readily  producing  its  kind. 

Bromus,  sp.,  is  a  common  grass  on  overgrown,  sandy  land  at  Samoa, 
near  Eureka,  helping  to  bind  the  drifting  sand. 

Convolvvltifi  soldanelki  is  not  uncommon  on  the  sand  dunes, 
growing  in  almost  pure  sand,  but  apparently  of  little  value  as  a  sand 
binder,  as  it  does  not  mat  on  the  surface;  the  sand  freely  blows  away 
from  between  the  plants. 

Corethrogyne  californica  obovata  is  a  common  species  on  the  sand 
hills  at  Samoa,  near  Eureka,  but  of  little  economic  value. 

Elymus  sp.  grows  luxuriantly  in  drifting  sand  at  Samoa,  making  a 
promising  sand  binder.  It  is  said  to  Iw  eaten  Ity  stock  while  young 
and  until  about  14  inches  high,  when  it  becomes  too  coarse  for  forage. 

Festuva  rubra  var.,  grows  luxuriantly  though  not  abundantly  in 
drifting  sand  on  the  sand  spil  opposite  Eureka.  It  might  be  used 
with  advantage  in  company  with  Poa  doiiglasii,  as  the  one  would  to 
some  extent  complement  the  other.  It  also  gives  promise  as  a  forage 
plant,  but  we  have  no  data  as  to  its  actual  forage  value.  At  Samoa 
this  variety  seeds  very  freely,  a  quality  lacking  in  many  of  our  sand 
binders. 

Juncus  sp.  is  common  in  loose  sand  on  the  sand  dunes  of  Humboldt 
Bay. 

Poa  douglasii  (Saud-grass)  is  thoroughly  at  home  in  the  drifting 
coa.st  sands  from  San  Francisco  northward,  but  on  the  California 
coast  is  of  little  use  as  a  sand  binder,  being  too  sparse  in  its  growth 
to  cover  the  surface,  and  too  short  of  stature  to  cheek  the  drifts, 
which  blow  right  over  it,  or  out  from  under  it,  leaving  the  roots  bare; 
these  when  exposed  quickly  dry  out  and  die.  In  company  with  the 
variety  of  Festuca  rubra  mentioned  above  it  might  be  iised  to  ailvan- 
tage,  as  the  one  species  to  some  extent  makes  up  for  the  deficiencies 
of  the  other. 

Tanaceium  camplwratum  is  a  common  species  on  loose,  drifting 
sand  at  Point  Arena  and  Humboldt  Bay. 

Salir  Sp.,  a  species  of  willow,  is  also  common  in  some  places,  and  at 
Inglenook  has  been  planted  as  a  check  he<lge,  but  with  only  partial 
success. 

EJymus  arenarius  (Ranclieria  grass)  occurs  in  sandy  soils  on 
Drakes  Bay  And  Point  Reyes,  but  was  not  collectetl  within  our  limits. 
Though  too  sparse  in  growth  to  be  of  much  value  if  used  alone  as 
a  sand  binder,  this  grass  will  doubtless  prove  serviceable  if  planted 
in  company  with  other  species. 

Lupinus  chamissonis  {Blue  lupin)  in  commonly  met  with  from 
Point  Arena  southward  and  is  of  some  use  as  a  sand  binder.  The 
yellow  tree  lupin  {L,  arboreun)  was  not  found  north  of  Point  Reyes. 
CdUiiini'i  hartsi(Bfolia  occiiring  in  drift  sand  near  Cleone  is  an  annual 
plant.  Several  other  plants  of  lesser  importance  ;;row  on  the  sand 
dunes. 
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FiQ.  1.— Beach  Grass  at  Point  Reves.  C»l. 


Fhj.  2.— PuANTmo  Beach  Grass  at  Cape  Coo,  Massachusetts. 
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Methods  of  preventing  drifting  and  reclanudion  of  waste  dunes. — 
Although  the  above-named  and  other  native  plants  grow  freely  on  the 
dunes,  no  one  of  them  proves  thoroughly  satisfactory  as  a  cheek  to 
sand  encroachment.  Almost  all  of  these  species  grow  so  slowly  and 
so  sparsely  as  to  allow  the  sand  to  blow  away  from  their  roots,  which 
die  on  exposure.  They  ai-e,  moreover,  too  dwarfed  in  stature  to  check 
the  drifts  successfully.  Therefore,  if  the  drifting  is  to  he  checked 
and  the  waste  dune  ai'eas  are  to  be  made  useful,  it  is  necessary  to 
remedy  this  defect.  The  first  point  to  be  gained  is  to  render  the  sur- 
face as  nearly  stable  as  possible,  in  order  that  useful  plants  may  have 
a  place  on  which  to  grow.  For  this  purpose  the  cultivation  of  certain 
selected  sand-binding  plants  has  been  adopted,  in  Europe  and  in  the 
Eastern  States,  as  being  the  cheapest  and  most  satisfactory  means  of 
checking  and  reclaiming  drift  sands.  The  following  are  considered 
the  most  satisfa<'tory  sand  binders: 

Beach  grass  {AmmopMu  arenarin)  (Plate  VII)  was  introduced  at 
Point  Arena  some  ten  years  ago  by  Mr.  Sheppard,  a  few  plants  having 
been  obtained  from  the  commissioners  of  Golden  Gate  Park,  Sao 
Francisco,  who  had  successfully  used  it  at  that  place  (PI.  VIII,  flg,  2), 

It  has  thriven  admirably  at  Point  Arena,  and  now  covers  about  an 
acre  of  the  dunes.  This  grass  is  by  far  the  best  sand  binder  tried  on 
the  California  coast,  its  dense  growth,  long  under-ground  stems,  and 
long  tufts  of  leaves  preventing  the  sand  fi-om  blowing  away  from  the 
roots.  Moreover,  the  banking  up  of  sand  does  not  in  any  way  injure 
the  plant,  which  continues  to  lengthen  its  stem  and  throw  out  new 
roots  as  fast  as  the  sand  piles  np  around  it.  Professor  Scribner  states 
that  "a  plant  will,  by  gradual  growth  upward,  finally  form  stems  and 
roots  sanded  in  to  the  depth  of  fully  100  feet." 

Beach  grass  is  most  successfully  propagated  by  transplanting  in  the 
autumn.  Vigorous  plants  are  selected  and  pulled  up  by  hand.  Usu- 
ally a  bundle  of  half  a  dozen  plants  is  held  together  by  one  man,  while 
another  makes  a  hole  in  the  sand.  This  hole  should  be  18  inches  deep, 
and  is  made  with  a  long  spade  or  shovel  which  is  forced  into  the  sand 
and  then  pressed  forward,  making  an  opening  into  which  the  beach- 
grass  roots  are  thrust;  the  spade  is  then  withdrawn  and  the  sand 
pressed  close  about  the  roots.  The  grass  is  not  planted  in  i-ows,  but 
in  quincunx,  or  irregular  order,  1  and  2^  feet  apart,  according  to  the 
alope.^  In  California  the  plantmg  should  be  done  in  the  early  fall,  as 
the  growth  of  roots  is  greater  at  that  season,  and  the  chances  of  suc- 
cess are  consequently  increased.  Moreover  this  gives  the  phints  the 
full  lienefit  of  warm  soil,  and  of  the  whole  season's  rainfall.  If  sown 
in  the  spring,  there  is  danger  of  the  young  plants  drying  out  or  burn- 
ing up  during  the  summer  months.     On  the  California  coast  the  sow- 

■Scribner.  F.  L.  Economic  Grassefi:  U.  S.  Dept.  Agric.  Div.  Agros..  Bui.  14. 
1898:  Scribner.  F.  L.  Sand-binditig  Grasses;  reprint  from  Yearbook  Depart. 
'  Agric.     1898. 
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iag  of  seed  iiaaally  proves  unsatisfactory,  as  the  seed  is  either  buried 
too  deeply  by  the  drifting  of  the  saud,  or  blown  away  by  the  strong 
trade  winds. 

The  main  objection  to  Ijeach  grass  is  the  cost  of  planting.  In  Bel- 
gium, Scotland,  and  England,  and  on  the  coast  of  Massachusetts, 
however,  the  importance  of  reclamation  has  been  considered  to  far 
outweigh  the  initial  cost  of  planting,  and  hundreds  of  acres  have 
been  systematically  planted  according  to  the  method  described  above. 
At  Cape  Cod,  on  the  Massachusetts  coast,  some  90  acres  were  plant«d 
in  three  years,  from  1895  to  1898.  The  cost  amounted  from  $00  to 
$65  per  acre,  requiring  15  men  and  1  horse  about  two  days,  work- 
ing nine  hours  per  day,  to  cover  an  acre  with  plants.  On  the  Cali- 
fornia coast,  where  land  is  still  cheap  and  labor  costly,  the  farmers 
claim  that  they  can  not  afford  to  pay  so  much  for  the  reclamation  of 
sand  dunes. 

On  some  portions  of  the  English  coast  the  work  of  sand-dune  plant- 
ing is  performed  by  the  municipal  or  other  local  governments.  Heavy 
penalties  are  inflicted  for  pulling  up  or  otherwise  removing  a  single 
plant.  This  appears  to  be  the  most  just  method  of  treating  what  is 
more  than  a  private  nuisance.  It  does  not  seem  fair  that  a  farmer  or 
private  landowner  should  be  comirelled,  in  order  to  save  his  land,  to 
pay  for  the  planting  of  many  acres  of  sand  dunes  which  do  not  belong 
to  him  and  from  the  use  of  which  he  can  derive  little  or  no  profit.  It 
seems  more  just  that  the  duty  of  reclamation  should  devolve  upon  the 
public. 

Sea  }yme  grass  or  Rancheria  grass  {Elymus  arenarius),  which  is 
sparingly  found  in  sandy  places  along  the  California  coast  from  Santa 
Cruz  northward,  is  a  sand  binder  of  only  medium  quality  and  is  rec- 
ommended Cor  cultivation  in  company  with  beach  grass.  Professor 
Scribner  states  that  "these  two  grasses  when  combined  seem  admii-a- 
bly  adapted  for  the  purpose  of  forming  a  barrier  to  the  encroachment 
of  the  sea.  The  sand  that  the  beach  grasH  arrests  and  collects  about 
itself  the  lyme  grass  secures  and  holds  fast."  It  has  little,  if  any, 
forage  value. 

Utilisation  of  sand  dimes. — The  question  is  often  asked  how  sand 
dunes  may  be  utilized  and  what  forage  plants  will  grow  upon  them. 
Heach  grass  and  sea  lyme  grass,  though  sometimes  grazed  when  very 
young,  can  not  be  considered  as  forage  plants.  It  has  been  stated 
tliat  awnless  brome  grasH  (Bromus  inermis),  broncho  grass  (B.  maxi- 
mum gussoni),  and  Bromus  sf^rilis  will  grow  well  in  such  situations; 
but  their  culture  as  sand  binders  is  only  in  the  experimental  stage,  and 
their  nutritive  value  appears  to  be  comparatively  low.  Bull  clover 
{Trif<Aium  wormskjoldii),  one  of  the  best  of  the  native  California 
clovers,  makes  a  dense  turf  and  luxuriant  growth  (sometimes  knee- 
deep)  in  low,  moist  flats  between  the  dunes,  but  does  not  appear  to  grow 
on  the  dunes  themselves.    Alnplex  halbnoides,  one  of  the  Australian 
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saltltuBhes  which  seems  well  adapted  to  the  cool  summer  climate  of 
the  coast,  is  worthy  of  trial  in  these  situations.  It  is  a  valuable  forage 
plant  and  seeds  freely,  bnt  we  have  not  yet  demonstrated  whether  or 
not  it  will  st-and  trampling.  On  the  Santa  Barbara  coast  sand  dunes 
it  has  been  found  that  Eriogonum  fascietdatum  and  Lotus  glaher,  two 
native  perennial  plants,  grow  luxuriantly  through  the  dry  season  and 
produce  an  abundance  of  nourishing  feed  which  is  much  relished 
by  stock.  It  is  doubtful,  however,  whether  they  would  tolerate  the 
climate  of  the  northwest  coast. 

Hairy  vetch  {Vicia  viUosa)  is  recommended  for  experimental  cul- 
ture as  a  sand  binder,  on  account  of  its  rapid  and  luxuriant  growth 
and  ready  propagation  by  seed,  but  we  are  not  aware  that  its  value 
for  this  pui-pose  has  been  determined.  It  is  an  excellent  forage  plant, 
and  is  becoming  naturalized  in  some  parts  of  the  State. 

Modiola  {Modiola  decumbeiis)  has  been  found  useful  on  the  alkali 
soils  of  the  interior,  and  is  said  to  be  greedily  eaten  by  stock.  If  it 
will  tolerate  the  cooler  summer  climate  of  the  seashore,  and  the  loose, 
light  soil  of  the  sand  dunes,  it  will  make  a  valuable  addition  to  the 
list  of  sand-binding  plants,  as  it  roots  freely  from  the  joints  and 
spreads  rapidly,  forming  a  dense  mat  of  herbage." 

New  Zealand  spinach  (Tefragonia  eitpansa)  is  a  succulent  beach 
plant,  said  to  be  eaten  by  stock.  It  has  already  become  naturalized 
on  the  sandy  seabeaches  along  the  coast  in  the  vicinity  of  San 
Francisco. 

Tree  mallow  {Lavatera  assurgentiftora),  native  of  Anacapa  Island, 
has  been  successfully  used  in  San  Francisco  for  the  last  fifty  years 
as  a  sand  binder,  wind  break,  and  ornamental  shrub.  It  grows  to 
a  height  of  C  to  12  feet,  and  thrives  on  light,  sandy  soil;  it  is  also 
valuable  as  a  forage  plant,  cattle  browsing  greedily  on  the  foliage. 

It  does  not  appear  that  saud-binding  qualities  and  forage  value  are 
usually  combined  in  the  same  plant,  but  it  is  possible  that  when  once 
reclaimed  some  forage  crop  might  be  raised  on  the  dunes.  It  is  an 
open  question,  however,  whether  stock  feeding  on  sand  dunes  should 
ever  be  practiced  on  account  of  the  danger  of  starting  fresh  drifts. 
Mr.  Sheppard,  who  has  fanned  at  the  month  of  the  Garcia  River  for 
nearly  forty-five  years,  traces  all  his  trouble  with  drift  sand  to  the 
time,  some  twenty-five  or  thirty  years  ago,  when  a  neighbor  of  his 
commenced  sheep  raising  on  the  dunes,  tempted  to  do  so  by  the  high 
price  of  mutton  and  wool.  In  his  eagerness  to  make  money  while 
the  prices  were  up,  this  man  overstocked  and  left  the  sand  almost 
bare,  with  the  result  that  it  began  to  drift  for  the  first  time  within  . 
Mr.  Sheppard's  memory.  Profiting  from  this  experience  the  latter 
gentleman  has  kept  his  stock  off  the  dunes  for  some  time,  with  the 
result  that  a  new  growth  of  sand  grass,  sand  verl)ena,  blue  lupine, 

■  Since  the  above  was  written  this  plant  has  been  fouud  growing  wild  at  Tomalea 
Bay,  along  the  coast. 
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rush,  willow,  etc.,  is  startiiig.  But  none  of  these  plants  checks  the 
sands  in  the  "drifts,"  and  more  vigorous  measures  of  reclamation 
must  be  adopted  if  his  alluvial  bottom  lands  are  to  be  saved. 

Beach  grass  makes  an  excellent  and  very  durable  thatch,  and  has 
been  used  for  the  manufacture  of  coarse  paper. 

Esparto  {SHpa  tenacissima)  and  albardin  {Lygeum  sjMrtum)  are 
worth  trial  on  these  dunes,  aa  thej'  have  proved  well  adapted  to  the 
climate  at  Berkeley.  They  are  natives  of  the  sandy  shores  of  south- 
western Europe  and  northern  Africa,  and  are  tall  perennial  grasses, 
with  long,  stiff,  and  very  tough  leaves,  from  which  ropes,  baskets, 
mats,  hats,  and  other  articles  are  woven.  The  leaves  are  employed 
lately  in  England  and  in  this  country  in  the  manufacture  of  paper, 
for  which  purpose  they  are  superior  to  straw.  Esparto  is  one  of  the 
most  important  articles  of  export  from  Algeria,  and  more  than  2,000 
tons  are  annually  shipped  from  northern  Africa  and  Spain  to  Great 
Britain.  "Ten  tons  of  dry  esparto,  worth  from  $18  to  t25  per  ton, 
can  be  obtained  from  an  acre  under  favorable  circumstances."  These 
grasses  may  be  cultivated  either  by  seeds  or  bj'  division  of  the  root; 
but  the  latter  is  the  more  common  method.  Specimens  for  trial  are 
offered  by  the  director  of  the  agricultural  experiment  station  at 
Berkeley.     (See  PL  VlII,  fig.  1.) 

At  Cape  Cod  it  has  been  found  possible  to  raise  fine  growths  of  pine 
trees  and  shrubs  on  the  dunes  within  three  years  after  the  first  plant- 
ing with  beach  grass.  The  species  used  were  a  native  pine  (Pintis 
rigida),  Scotch  pine  (P.  fsylvesfris),  seaside  pine  {P.  vmritima),  and 
Austrian  pine  (P.  aitatriaca),  Scotch  broom  (Oenisi-a  scoptiria),  and 
Imyberry  [Myrica  cerifera).  {PI.  VIII,  flg.  2.)  All  of  these  would 
probably  thrive  equally  well  on  the  coast  of  northwestern  California^ 
but  it  is  not  neee&sary  to  import  trees  for  the  purpose,  as  the  native 
coast  pines,  so  common  in  the  region,  would  answer  as  well  or  better 
and  make  fuel  of  an  excellent  quality.  Of  these  the  most  valuable 
for  this  purpose  would  be  the  Monterey  pine  {Pintis  radiaia)  and  the 
prickle-cone  pine  {P.  muricola).  The  scrub  pine  {P.  contortn)  is  also 
valuable,  particularly  as  a  wind-break.  Some  of  the  rapidly  growing 
Austi'aliau  acacias,  particularly  A.  longifoHa  sophom  and  Albtssia 
lopantlia,  are  also  satisfactory  as  nurse  trees,  wind-breaks,  and  for 
ornamental  effect.  Such  trees  and  shrubs  can  easily  be  raised  when 
once  the  beach  grass  is  established  by  scattering  seeds  among  the 
tufts  of  the  latter.  In  addition  to  their  value  for  fuel,  such  a  growth 
of  trees  acta  as  a  wind-break,  an  exceedingly  useful  feature  in  such 
localities. 

THE  REDWOOD  BELT. 

As  before  noted,  the  redwood  belt  consists  for  the  most  part  of  s 
dense  forest  of  timber  occupying  a  narrow  strip  of  country  immediately 
back  of  and  almost  parallel  vtith  the  coast.     Owing  to  the  immense 
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size  of  the  trees  and  their  abundance,  the  forest  shade  is  here  verj- 
den»e.  On  the  bottom  lands  few  other  species  of  trees  are  met  with. 
On  the  ridges  forming  watei-sheds  between  the  difEerent  forks  of  the 
coast  rivers  the  redwoods  are  more  scattered,  and  otlier  species  of 
trees,  together  with  some  brush,  occur  more  frequently. 

Grasses  are  scarce  in  the  redwood  forest,  Bramus  I<Bvip€S,  Mdica 
bromoides,  Savasbana  macrophyUa,  Trisetum  canescens,  and  Des- 
champsia  elongata  being  the  prevalent  species.  These  grow  mainly 
near  the  borders  and  openings  of  the  forest,  and  provide  only  scant 
feed  for  stock.  The  rare  but  characteristic  AspereUa  califomtca, 
found  in  the  redwood  belt  near  San  Francisco,  does  not  appear  to 
occur  as  far  north  as  Mendocino  County. 

Forage  plants  other  than  grasses  are  not  plentiful,  and  are  princi- 
pally eaten  by  ht^s  and  other  stock  as  a  change  of  diet  from  exces- 
sively luxuriant  range  feed.  Of  these  the  following  are  noteworthy: 
Squaw  lettuce  (Clayioiiia  perfoliata)  is  said  to  be  a  favorite  food  of 
cattle  and  hogs.  Thistles  {Cardiius  spp.)  aud  the  tubers  of  wild 
horseradish  {Dentaria  sp.)  and  roots  of  bracken  {Piefris  aquilinalanu- 
grino^a)  are  eaten  by  hogs.  Oxalisoregana  is  sometimes  eaten  in  small 
quantity  by  cattle  and  horses.  The  common  aword  fern  {Aspidium 
munihim)  is  said  to  be  eaten  readily  by  calves  and  st^Ktk  for  a  day  or 
two  after  feeding  on  clover  on  the  ranges.  Hogs  doubtless  also  feed 
on  saM-berries  (&auUheria  shailou)  and  huckleberries  {Vacdnlum 
ovatitm),  which  are  abundant  in  the  redwood  forest,  and  on  the  bulbs 
of  liliaceous  plants.  Acorns  of  Quercus  deimflora,  chinquapin  nuts, 
manzanita  berries,  and  some  deer  brush  are  found  on  the  higher  ridges. 

The  introduction  of  tall  oat  grass,  rescue  grass,  awnless  brome 
grass,  and  wood  meadow  grass  {Poa  nemoralis)  on  the  higher  dry 
ridges  might  increase  the  amount  of  forage.  It  is  not  likely  that  any 
valuable  forage  plants  will  be  found  to  thrive  in  the  forest  itself;  nor 
would  it  be  desirable  from  the  point  of  view  of  the  lumberman  and 
forester  to  attempt  to  turn  the  forest  proper  into  pasture  land,  the 
two  interests  being  diametrically  opposed. 

When  cleared,  this  redwood  land,  where  not  too  steep,  makes  good 
pasture  if  sown  to  orchard  grass  and  white  clover.  On  account  of  the 
astonishing  vitality  of  the  redwood  stumps,  however,  it  is  found  neces- 
sary to  go  over  the  ground  at  least  once  a  year  chopping  off  suckers 
in  order  to  keep  the  land  clear.  It  Ls  said  that  if  this  is  done  at  the 
end  of  July  or  early  in  August  it  is  onlj'  necessary  to  do  it  once  a  year, 
but  that  if  cut  at  any  other  season  the  operation  has  to  be  repeated 
one  or  more  times  during  the  year. 

The  narrow  strips  of  bottom  land,  where  cleared  of  timber,  pro- 
duce excellent  forage  and  general  farm  crops. 
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FODDER  CBOFS. 
FODDER  CROPS  NOW  CULTIVATED. 

The  principal  fodder  crops  cultivated  in  tlie  region  are  noted  liere. 
Oats  is  the  most  extensively  grown  hay  crop.  Next  in  importance  are 
red  clover,  wheat,  barley,  Italian  ray  grass,  alfalfa,  and  velvet  grass. 
Small  quantities  of  timothy,  many-flowered  ray  grass,  orchard  grass, 
and  rye  are  also  used.  Mixed  hay  crops  are  seldom,  if  ever,  grown. 
Wild  hay  is  mown  in  a  few  mountain  valleys,  and  the  wild  oats  on 
the  hillsides  are  sometimes  made  use  of  in  the  same  manner. 

For  soiling  and  ensilage  field  peas,  red  clover,  alfalfa,  corn,  oats, 
and  barley  are  grown.  Tares,  alsike,  sainfoin  (espareette),  and 
crimson  clover  do  not  appear  to  be  used. 

For  root  crops  carrots  are  most  commonly  grown.  Mangel-wurzel 
is  being  tried  iu  one  or  two  places  along  the  coast.  Turnips  and 
parsnips  do  not  appear  to  have  been  tried.  The  climate  is  probably 
too  dry  in  summer  for  turnips,  except  in  the  extreme  north. 

PLAXTS  RECOMMENDED  FOR  COLTIVATION  OR  TRIAL. 

Beach  grass  {AiHtnophila  arenuria)  is  an  invaluable  grass  for  check- 
ing the  spread  of  drift  sands.  The 
method  of  planting  is  discussed  on 
page  59. 

(fig.  1)  seems  to  be  well  a^lapted 
to  the  climatic  conditions  of  this 
region,  as  it  has  become  thoi-oughly 
naturalized'  and  grows  luxuriantly 
in  several  localities.  It  is  consid- 
ered a  useful  pasture  plant  for  wet 
meadows. 

Of  blue  grar.ta  {Bouteloua  oligo- 
stadiya)  Professor  Scribner  writes 
as  follows: 

It  is  a  perennial,  6  to  18  inches  high, 

its  strong  rhizoniee  and  niimcroos  root 

leaves  forming  dense  and  more  or  lesses- 

tensivepatchesof  excellent  turf,   •  •  • 

It  frequents  the  bench  lands  of  Montana, 

growing  at  elevations  of  from  3,000  to 

4,000  or  ."i.OOO  feet,  and  not  infrequently 

covers  wide  areas.    No  other  grass  better 

witlistands  the  ti-aiiipling  of  stock,  imd 

it  is  anxiirpnssed  for  grazing  purposes. 

Fio.i.— Black  medic  (.Vr(ii™go('ijm(in<ri.        In  the  early  days  in  the  Southwest  it 

formed  a  lar^e  pro]K)rtir)n  iif  tlie  hay 

delivered  at  the  various  military  posts  and  stafte  stations  and  was  consitlen-d  the 

hest  obtainable  there.     Like  the  bnffalo  griiss,  it  cures  during  the  dry  seiisou  in 

the  turf  into  perfect  hay,  losing  none  of  its  imtritions  properties. 
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It  has  given  satisfactorj'  results  at  Berkfiley,  and  is  a  very  promis- 
ing grass  for  dry,  open  upland  ranges. 

Buffalo  grass  {Biilbilis  dactyloides)  is  low  growing,   rarely  more 
than  5  or  0  inches  high,  prodncing  numerous  creeping  and  widely 
spreading   branches,  which  root   at  the  joints,  each  joint  produc- 
ing a  new  plant.     In   this  manner  it  rapidly  spreads  over  a  wide 
area,  forming  a  close  mat  of  flne-leav«d  herbage  greatly  relished  by 
all  grazing  aniniahj.     At  Berkeley  buffalo  grass  is  a  summer  grower, 
uot  starting  before  April,  but  continuing  green  till  late  in  the  fall. 
It  withstands  drought  well,  and  on  this  account  would  probably  form 
a  valuable  addition  to  the  summer  pasture  of  the  upland  ranges,  sup- 
plementing the  winter  feetl  of  the 
prevailing  annual  grasses.     Seed 
is  not  easily  obtained,  but  the  plant 
isreadily  produced  bj'  roots,  which 
should  l>e  planted  in  early  spriug 
and  protected  from  stock  till  well 
established.     Small  quantities  of 
roots  can  be  obtained  on  applica- 
tion to  the  Director  of  the  Agri- 
cultural     Experiment      Station, 
Berkeley. 

Bur  clover  {Medicago  denticu- 
lata)  (tig.  3)  is  one  of  the  most 
nourishing  forage  plants  for  late 
summer  feed.  Cattle  do  not  touch 
it  early  in  the  season,  so  that  it  has 
opportunity  to  mature  large  quan- 
tities of  its  prickly  seed  pod  (burs). 
When  ripe  the  seeds  are  said  to 
contain  a  large  proportion  of  nu- 
tritive matter  and  are  eaten  with 
great  avidity  by  stock,  either  from 
the  plant  or  licked  up  from  the 

^  '^  Fto.  «.— Biir  clover  (ittdkago  deniic»lala) 

ground  after  falling,  m  July,  Au- 
gust, and  Septenil>er,  the  season  when  green  feed  becomes  most  scarce. 
Cattle  placed  on  stubble  in  which  there  is  an  abundance  of  bur  clover 
become  exceedingly  fat  at  this  season  of  the  year.  As  the  burs 
become  badly  entangled  in  the  wool  of  sheep,  this  plant  is  not  desir- 
able for  sheep  ranges,  but  in  its  stead  the  closely  related  smooth  bur 
clover  might  be  grown. 

Bur  clover  is  said  not  to  thrive  so  well  on  the  drier  uplands  back 
from  the  coast,  but  it  is  nevertheless  worth  trial  in  such  situations. 
It  lu-xuriates  in  the  comparatively  moist  valleys.  It  is  I>est  sown  by 
scattering  the  burs  over  the  ranges  in  autumn,  as  they  will  germinate 
and  take  root  with  the  advent  of  the  first  rains.  It  is  not  necessary 
to  harrow  the  ground  or  to  <•o^■er  the  burs,  unless  they  are  .sown  in 
18766— No.  13-02 o 
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Spring.  The  burs  are  offered  for  sale  by  San  Francisco  seedsmen,  or 
can  readily  be  collected  in  great  quantity  in  the  counties  around  Saii 
Francisco  Bay,  where  it  is  abundant. 

California  lotus  or  Dakota  vetch  {Lotus  americanus  or  Hosackia 
purshiana)  (fig.  3),  on  account  of  the  lateness  of  its  gi-owing  sea- 
son, is  considered  valuable  as  a  range  forage  plant,  helping  to  fill 
the  gap  between  the  drying  up  of  the  ripened  annual  grasses  and  the 
starting  of  the  new  autumn  growth.  It  is  thoroughly  at  home  on  dry 
upland  ranges,  occasionally  growing  even  among  chaparral.  Seed  of 
the  California  lotiis  is  not  on  the 
market  and  must  be  collected  in  its 
native  habitat. 

Creeping  l>ent  (Agrostis  alba  slo- 
lonifern)  is  a  valuable  perennial  pas- 
ture grass,  making  a  good  bottom 
growth.  On  account  of  its  running 
rootstocks  it  is  useful  for  mixing 
with  less  distinctly  turf-forming  ajte- 
cies.  It  is  not  a  productive  hay 
grass.  Creeping  bent  requires  a 
moist  soil,  and  is  naost  likely  to  suc- 
ceed in  the  mountain  valleys. 

Diss  (Ampelodesmos  tenoj:)  is  a 
tall,  coarse  species  from  the  arid  re- 
gions of  North  Africa  which  was  in- 
troduced by  the  Agricultural  Experi- 
ment Station  at  Berkeley  a  few  years 
ago.  Seeds  of  this  plant  were  later 
I'eceived  from  Professor  MaeOwan, 
of  the  Agricultural  Department  of 
CaiJeColony, asof  "aforage  plant;" 
„     „    „^  ,   ,  ,  shortly  afterwards  the  writer  learned 

through  a  correspondent  in  Lake 
County  that  he  had  received  seed  of  the  original  distribution  made  by 
the  station  and  that  the  plant  had  proved  remarkably  successful  witli 
him,  producing  a  great  deal  of  forage  on  diy,  chaparral -covered  hill- 
sides where  DO  other  forage  plants  would  grow,  and  that  it  was  greedily 
eaten  by  stock. 

Field  peas  (Pisam  arveiise)  are  already  grown  along  the  coast  for 
feeding  to  dairy  cows  during  the  dry  summer  months.  Still  greater 
use  can  be  made  of  this  sweet,  palatable,  and  verj-  nutritious  fodder 
plant  with  the  increasing  use  of  the  silo,  as  it  niakes  an  excellent 
qiialitj'  of  ensilage.  As  a  ration  for  stock,  cDsilage  of  oats  and  peas 
mixed  is  considered  almost  unrivaled.  Some  reported  failures  with 
trial  crops  of  field  peas  are  probably  due  to  the  use  of  weevil-damaged 
seed,  and  careful  examinutiou  of  the  seed  should  be  made  before  pur- 


dbyGooglc 


FODDEK   CBOP8.  67 

chasiDg,  to  avoid  disappointment.  Peas  aiid  oats  (or  rj'e)  for  ensi- 
lage may  be  sown  together,  as  the  former  -will  climb  up  and  help  to 
support  the  latter. 

Hard  fescue  (Festucti  durittscula]  is  a  valuable  pasture  grass  on 
dry,  sandy  soils  unfit  for  thu  growth  of  better  grasses,  as  it  resists 
long  periods  of  summer  drought.  Although  it  in  a  bnncli  grass,  not 
producing  a  turf,  it  can  be  used  to  advantage  in  mixtures  with  other 
grasses.     It  grows  well  at  Berkeley, 

Johnson  grass  {Andropogon  sorghum  ludepensis)  in  the  Southern 
States  yields  a  good  crop  of  hay,  which  is  said  to  be  much  appre- 
ciated by  stock,  but  in  the  coast  region  of  middle  aud  northern 
California  it  has  not  given  great  promise  as  a  hay  grass.  When  once 
established  it  becomes  one  of  the  most  troublesome  and  most  difficult 
weeds  to  eradicate  from  cultivated  ground.  The  root-stocks  are  pro- 
duced in  great  abundance,  literally  filling  the  soil;  they  develop  very 
rapidly,  are  fleshy,  and  are  said  to  be  much  liked  by  hogs.  It  would 
be  well  worth  trial  in  openings  among  the  redwoods  on  the  headwaters 
of  the  Noyo  and  Navarro  rivers,  where  large  bands  of  hogs  are  raised 
in  the  woods.  If  seeds  and  pieces  of  root  were  carried  down  these 
smaller  coast  streams,  they  would  not  be  likely  to  do  any  damage  to 
farm  lands,  on  account  of  the  narrowness  and  depth  of  the  gorges 
through  which  they  empty  into  the  ocean  and  the  absence  of  broad 
alluvial  flood  plains.  It  appears  unwise,  however,  to  introduce 
Johnson  grass  along  the  headwaters  of  Eel  River,  on  account  of  pos- 
sible injury  to  the  valuable  farm  lands  at  the  mouth  of  that  river; 
being  one  of  the  richest  sections  of  the  whole  region  of  northwestern 
California,  deterioration  of  land  values  there  would  tend  to  increase 
taxation  over  the  rest  of  the  region.  Johnson  grass  has  been  tried 
with  only  unsatisfactory  results  in  dry,  arid  soils  in  California. 

Hairy  vetch  ( Vicia  vtUosa)  is  being  strongly  recommended  as  a 
forage  crop  on  account  of  its  vigorous  growth  and  high  nutritive 
value.  Smith  states  that  hairy  vetch  is  an  excellent  soiling  ci-op,  one 
of  the  best  that  has  lieen  introduced  into  the  United  States,  although, 
on  account  of  the  high  price  of  the  seed  and  the  large  amount  which 
must  be  sown  per  acre,  it  has  not  lieen  widely  cultivated.  The  seed 
should  l)e  sown  at  the  rate  of  a  bushel  and  a  half  per  aci-e.  The  nutri- 
tive value  of  the  hay  is  high,  analyses  by  Coudon  in  18i>0  showing  23 
per  cent  of  crude  protein.  The  yield  varies  from  lito4  tons  per  acre, 
according  to  the  fertility  of  the  soil.  Hairy  vetch  has  proved  well 
adapted  to  the  climate  of  Berkeley.  It  might  be  sown  with  oats  or  rye 
for  au  ensilage  crop,  and  is  also  i-ecomniended  for  trial  as  a  sand 
binder,  on  account  of  its  rapid  growth. 

Knot  grass  (Paspalum  distichum).  A  valuable  forage  grass  for 
overflowed  lands,  the  margins  of  lagoons,  lakes,  and  ponds.  Theyiehi 
varies  considerably  with  the  season;  in  wet  years  knot  gra-ss  will  yield 
a  good  crop  of  hay,  but  in  dry  seasons  tbei-e  will  be  scarcely  enough 
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foliage  for  forage.  The  stems  are  somewhat  succulent,  and  with  the 
leaves,  are  tender  and  much  liked  by  stock.  In  the  marshy  Iwrders 
of  the  lagoons  at  Crescent  City  it  has  formed  a  valuable  addition  to 
the  wild  forage,  and  around  Clear  Lake  it  is  said  to  have  taken  iios- 
session  of  the  Tule  lands  within  the  last  few  years. 

Meadow  foxtail  {Alopeciirus  praiensis),  Professor  Seribner  says, 
"is  a  valuable  grass  for  moist  meadows  and  pastures,  particularly 
the  latter,  on  account  of  its  early  growth,  being  one  of  the  earliest 
of  cultivated  grasses.  It  is  very  hardy  and  on  good  soil  yields  a 
large  amount  of  excellent  forage.  In  Europe  it  ia  regai-ded  as  one 
of  the  best  pasture  grasses.  It  should  enter  into  all  mixtures  for  per- 
manent pastures,  because  it  is  very  lasting,  highly  nutritious,  and 
earlier  than  most  other  species.  It  is  never  sown  by  itself,  but  is 
always  mixed  with  other  grasses  and  forage  plants,  because  it  gives  a 
full  yield  only  iu  the  second  or  third  year."  It  soon  dies  out  from 
poor  and  dry  lands;  and  though  adapted  for  moist  situations,  and 
consequently  for  irrigated  lands,  it  will  not  endure  stagnant  wat«r. 

This  grass  mu.'jt  not  be  confused  with  the  "lai^e  foxtail  "and  "small 
foxtail,"  species  of  Ilordeum,  which  are  such  troublesome  and  injuri- 
ous grasses.  They  are  not  even  nearly  related  plants  and  bear  no 
resemblance  to  each  other. 

Orchard  grass  {DaclyOs  giovierabi)  yields  a  heavy  crop  of  excellent 
hay  and  is  a  good  pasture  grass  for  woodland  pastures,  yielding 
excellent  early  grazing.  "The  aftermath  is  unequaled  iu  amount  by 
any  of  the  grasses  ordinarily  cultivated  for  hay."  Professor  Seribner 
says  orchard  grass  has  been  known  to  yield  27,905  pounds  of  green 
forage,  11,850  pounds  of  hay,  and  ll,i)10  pounds  of  green  aftermath 
per  acre. 

The  success  of  orchard  grass  for  woo<Uand  pastures  has  already  been 
demonstrated  in  the  region  of  Scotia  and  Areata.  It  has  also  been 
tried  with  success  between  \Villits  and  Sherwood,  The  main  objection 
raised  against  it  is  that  it  is  difficult  to  obtain  a  good  stand  during  the 
fii-st  year.  This  difficulty  can  largely  be  obviated  by  sowing  the  seed 
of  some  rapidly  developing  gra.'ss,  such  as  tall  oat  grass  or  It.aliau  ray 
grass,  at  the  same  time.  These  will  also  act  as  fillers  or  bottom 
grasses,  occupying  the  spaces  usually  left  between  the  tufts  of  orchard 
grass.  Moreover,  Professor  Seribner  states:  "The  tendency  of  orchard 
grass  to  form  tussocks  is  much  diminished  and  the  sward  greatly 
improved  where  sown  with  other  grasses."  He  also  recommends 
heavy  i-olling  "  for  checking  or  preventing  the  tufted  growth  which 
this  grass  naturally  assumes;  by  this  operation  the  tufts  are  pressed 
down  to  the  level  of  the  other  grasses  and  the  turf  becomes  more 
uniform."  When  .sown  alone,  3  to  4  bushels  of  seed  are  required  to 
the  acre. 

Kay  grass  (LoJium  spp.).  Three  distinct  varieties  are  sold  by 
seedsmen,  and  much  doubt  and  confusion  exist  as  to  their  relative 
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merits  and  uses  and  as  to  the  differences  by  wliieh  tliey  may  l>e 
distinguished. 

Italian  ray  grass  {Loliiim  iiahcum  A.  Br.)  (fig.  4}  is  a  rapid-gi-owing 
grass,  forming  a  dense  tiirf,  and  in  Europe  is  valued  as  one  of  the 
be.st  hay  grasses  for  temporary  pastures  and  as  a  nurse  crop  for  red 
clover,  orchard   grass,  or  meadow  foxtail.     As  it  runs  out  iu  two 
or  three  years,  it  is  not  recommended  as  the  sole  ingredient  of  per- 
manent pastures.     Pi-ofessor  Scribner  states  that   "on  stiff,  heavy 
elajs,  or  on  verj'  dry  soils,  it  does  not  do  well,  but  on  good,  ealeareons 
loam  or  marls,  or  on  moist, 
loamy  sands,  when  the  soil  is 
in  good  condition,  it  is  very 
productive,  and  no  other  grass 
repays  manuring  so  well.    Few 
grasses  develop  more  rapidly 
than  this,  and  where  the  soil 
is  rich  and  its  fertility  main- 
tained    by     applications     of 
liquid  manure,  cuttings  may 
be  obtained  within  three   or 
four  weeks  from  seeding,  and 
at  intervals  of  a  month  or  six 
weeks  successive  crops  may 
be  harvested, " 

On  the  Eel  River  t>ottom 
lands  this  is  considered  the 
best  variftty  for  cultivation,  as 
it  is  such  a  rapid  grower, 
shooting  np  even  at  llie  end 
of  July  or  in  August.  The 
objectionable  feature  is  its 
habit  of  running  out  after  two 
or  three  years.  This  difficulty 
can  be  remedied  only  by 
resowing. 

Italian  ray  grass  may  always 
be  distinguished    from    other  Fiq  l.-llallsn  ray  gram. 

varieties  by  its  few-flowered 

spikelcts  and  long  awns  {I>eards)  (fig.  4).     The  young  foliage  is  of  a 
bright  green  color. 

English  perennial  ray  grass  {Loliura  perenne)  is  much  more  perma- 
nent in  character  than  Italian  ray  grass,  but  is  less  rapid  in  growth 
and  .starts  later  in  the  season.  In  England  it  is  considered  a  veiy 
valuable  forage  plant,  being  particularly  well  adapted  to  the  climatic 
conditions,  but  Professor  Scribner  eonsidei-s  that  in  this  country  it 
will  never  be  as  highly  esteemed  as  timothy.  Perennial  ray  grass  is 
best  suited  to  moist,  rich  loams  or  clays,  and  responds  promptly  to 
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the  application  of  quick  manures.  Like  Italian  ray  grass,  the  peren- 
nial species  has  but  few  flowers  to  the  spikelet,  but  it  is  usually  at 
once  distinguiahed  by  tlie  absence  of  awns.  The  young  foliage  is  of  a 
dark  green  color. 

Australian  ray  grass  {Lolium  pereime  tenue)  is  nothing  more  than 
a  perennial  ray  grass  which  appears  to  have  developed  greater  dmught- 
resisting  qualities  by  long  cultivation  in  Australia.  It  is  a  somewhat 
wiry,  tough  form,  especially  adapted  to  cultivation  on  dry  hillsides. 

Many-flowered  ray  grass  {Lolium  rnitUiJforum)  is  a  variety  having 
very  large  spike.s  and  many-llowered  spikelets.  It  has  become  abun- 
dantly naturalized  in  northern  and  middle  California,  and  seems  well 
adapted  to  the  climate.  It  has  recently  become  naturalized  on  the 
hills  near  Cloverdale,  and  is  there  considered  a  valuable  forage  grass. 
On  the  bottom  lands  of  the  Garcia  and  Eel  rivers  it  grows  luxuriantly, 
and  in  the  former  locality  is  used  as  a  hay  crop,  yielding  fully  3  tons 
to  the  acre.     (Sheppanl.) 

Red  clover  {Trifolhnn  praiense)  is  one  of  the  heaviest  producers 
of  foliage,  and  the  most  nutritious  of  any  of  our  cultivated  forage 
plants.  The  climate  over  a  large  proportion  of  the  State  of  Califor- 
nia is  not  adapted  to  its  culture,  but  there  is  no  apparent  reason  why 
it  should  not  thrive  admirably  in  the  higher  mountain  valleys  of 
northwestern  California.  It  is  possible  that  the  soil  of  Sherwood  Val- 
ley may  prove  too  sandy  for  this  species,  but  its  importance  as  a  for- 
age crop  makes  it  well  worth  a  thorough  trial  there.  In  heavy  alluvial 
soil  at  the  experiment  station  at  Berkeley  and  on  the  Eel  River  bot- 
tom lands  it  has  produced  immense  crops.  It  is  frequently  found, 
however,  that  red  clover  runs  out  after  a  few  years.  Professor 
Hilgard  considers  this  is  undoubtedly  due  to  exeeasiv©  acidity  of  the 
soil,  which  can  be  counteracted  by  treatment  with  lime  (see  p.  55). 
In  England  it  is  customary  to  sow  Italian  ray  grass  and  red  clover 
together,- the  former  acting  as  a  nurse  crop  for  the  latter,  keeping  out 
weeds  and  increasing  the  tii"st  year's  yield,  then  dying  out. 

Red  fescue  {Festuca  rubra)  is  a  good  bottom  grass,  having  rnn- 
ning  rootstocks,  which  form  a  compact  and  durable  turf,  and  produ- 
cing a  large  quantity  of  fine  root  leaves.  Red  fescue  endures  varied 
conditions  of  soil  and  exposure,  and  is  recommended  both  for  wood- 
land pastures  and  open  meadows  and  for  either  sandy  or  clay  soils. 
It  should  be  tried  in  the  mountain  vallej's,  both  on  sandy  alluvial  or 
gravelly  soils,  and  should  also  be  used  for  the  renewal  of  the  open 
range,  as  its  habit  of  growth  will  tend  to  check  the  washing  of  the 
soil  and  it  withstands  trampling  by  stock. 

Redtop  {Agrofftis  alba)  is  considered  in  the  East  as  one  of  the  Iwst 
grasses  for  permanent  pastures  and  meadows,  making  a  "  very  resist- 
ant and  leafy  turf,  which  well  withstands  the  trampling  of  stock."  It 
neetis  a  moist  soil,  and  may  prove  useful  in  the  higher  valleys. 

Reed  fescue  (Festuca  urundinace<i)  is  a  tall,  vigorous,  and  hardy 
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gra«8,  yielding  a  large  amount  of  hay,  which  is  said  to  be  of  excellent 
fiuality.  It  has  made  a  splendid  showing  at  the  experiment  station 
at  Berkeley,  where  it  is  now  being  propagated  for  distribution.  The 
climate  and  soil  seem  to  suit  it  well.  It  thrives  best  on  comparatively 
moist  soils  and  is  well  worth  trial  in  mountain  valleys  and  bottom 
lauds  as  a  mixture  with  other  grasses. 

Sheep  fescue  (Festuca  ovhut)  is  a  valuable  bunch  grass  for  pas- 
tures on  dry,  sandy  soils,  especially  if  used  in  mixtures.  Seed  of  the 
native  varieties  growing  on  the  open  ranges  could  be  collected  with 
little  expense  and  used  in  the  preparation  of  permanent  pastures. 

Awnless  brome  grass  {Bromus  inennis),  though  a  native  of  Europe, 
was  introduced  into  California  from  New  Zealand  about  the  year  1880 
by  the  Agricultural  Experiment  Station  of  the  University  of  California, 
It  is  a  perennial  with  stout,  creeping  rootatocks  and  stems  2  to  5  feet 
high,  and.  is  useful  both  for  pasture  and  meadow.  It  is  a  good  winter 
grower.  Its  nutritive  value  is  comparatively  low,  but  it  is  well  worth 
trial  on  the  poorer  sandy  soils  along  the  coast,  as  it  is  one  of  the  most 
promising  grasses  for  such  situations.  It  is  unusually  resistant  of 
drought,  and  when  once  established  is  somewhat  difficult  to  eradicate. 
If  sown  alone,  about  3  bushels  per  acre  is  recommended. 

Tall  oat  grass  {Arrheiiaiherum  elaiius),  a  perennial,  has  been  found 
well  adapted  to  the  climatic  and  soil  conditiouB  at  Berkeley.  It 
makes  an  earlier  start  than  almost  any  other  winter  grass  grown, 
and  produces  a  heavy  stand  of  hay.  Professor  Scribner  reports  that 
on  rich,  clayey  loam  it  has  been  known  to  yield  17,015  pounds  of 
green  fodder,  6,380  pounds  of  hay,  and  13,61i!  pounds  of  green  after- 
math per  acre.  It  grows  rapidly,  blossoms  early,  and  when  cut  dries 
out  readily.  On  good  soils  three  or  four  cuttings  may  be  obtained 
during  the  season.  The  eaily  winter  growth  is  much  relished  by 
stock,  but  it  is  said  that  lat«r  in  the  season  it  becomes  somewhat 
bitter  and  cattle  do  not  care  for  it  except  in  the  form  of  hay.  It  is 
therefore  best  adapted  for  permanent  winter  pastures  which  are  to 
be  laid  off  as  summer  meadows.  Tall  oat  grass  is  not  suited  to  heavy, 
moist  soils,  but  thrives  best  on  loamy  sands  or  loams.  It  is  said  to 
grow  on  soils  too  poor  to  produce  other  crops,  and  therefore  seems 
particularly  well  adapted  to  cultivation  on  the  sandy  bluff  soils  of  the 
coast  and  the  white-ash  prairies  as  a  substitute  for  mesquite  {Holctis 
lanatus),  to  which  it  is  far  superior,  both  in  quality  and  yield.  It 
should  also  be  tried,  along  with  other  grasses,  in  the  mountain  val- 
leys at  the  headwaters  of  the  Eel  and  Kussian  rivere.  It  is  doubtful 
whether  it  would  do  well  or  prove  as  serviceable  as  other  crops  on  the 
bottom  lands  of  the  Eel  River  and  of  Humboldt  Bay. 

As  it  does  not  form  a  very  compact  turf,  tall  oat  grass  should  l)e 
sown  in  company  with  other  grasses,  particularly  those  which  form  a 
good  leafy  bottom  and  have  running  rootstocks,  such  as  white  bent. 
As  it  makes  a  good  stand  the  first  year,  it  might  be  sown  with  orchard 
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gms8.  The  one  species  would  largely  lemedy  the  defects  of  the  other. 
Ill  the  East  and  in  Europe  tail  oat  gi'ass  is  sown  in  the  spring,  hut  in 
the  Southern  States  and  in  most  parts  of  California  Septenil^er  nill  l>e 
the  liest  time  for  sowing.  Professor  Scribner  recommends  that  if  sown 
alone,  6  or  (i  bushels  of  .seed  to  the  acre  shonld  be  used,  which  at  the 
present  price  of  seed  (about  S3. 25  per  bushel,  or  81S  per  100  pounds) 
will  be  considered  almost  too  heavy  an  outlay  for  tlie  fanner.  It  seeds 
abundantly,  however,  and  by  purchasing  a  small  quantity  of  seed  one 
season  enough  can  be  harvested  to  sow  a  large  area  the  following  year. 
In  this  way,  too,  its  merits  and  adaptability  tu  local  conditions  can  be 
better  determined.  "Owing  to  the  structure  of  the  seed,  it  may  be 
sown  deejier  than  mast  other  grasses." 

Timothy  {PMeu7t>  profense)  is  grown  to  a  limlt.e<l  extent  in  Sher- 
wood and  Long  valleys,  but  is  said  to  "  run  out "  within  a  few  years. 
This  Is  probably  due  to  sowing  alone  and  to  pasturing  too  late  in  the 
rainy  season,  either  of  which  methods  of  treatment  renders  the  grass 
more  liable  to  be  trampled  out.  If  used  as  a  soiling  or  silage  crop, 
this  difficulty  would  probably  not  be  met  with.  In  the  East  and  in 
Europe  it  is  customary  to  sow  timothy  in  mixtures  witli  otlier  grasses 
and  clovers.  It  is  considered  satisfactory  only  on  somewhat  moist, 
loamy,  or  clayey  soils  and  is  apt  to  give  a  light  yield  on  drj-  soils.  It 
is  not  likely  to  succeed  in  northwestern  California,  therefore,  except 
on  bottom  lands  and  in  mountain  valleys.  Professor  Seribner  recom- 
mends sowing  half  a  bushel  of  seed  to  the  acf  e  if  sown  alone,  or  about 
10  pounds  if  the  red  or  alsike  clovers  are  grown  with  it. 

Vetch  { Viria  sativa),  an  annual  climbing  plant,  grown  in  Europe 
for  several  centuries  as  a  forage  plant,  is  considered  one  of  the  l>e8t 
soiling  crops  for  cool,  moist  climates.  Except  in  the  New  England 
States  and  Canada,  it  has  not  been  considered  satisfactory  on  this  con- 
tinent, on  account  of  its  extreme  susceptibility  to  drj-,  hoi  weathef. 
On  the  coast  of  northern  California,  however,  there  seems  to  be  no 
reason  why  it  should  not  I>e  grown  for  silage  or  for  green  fodder  for 
milch  cows,  as  it  makes  a  luxurianl  growth  at  Berkeley  and  at  Scotia, 
keeping  green  till  the  middle  of  May  in  the  former  locality  and  till 
the  middle  of  June  in  the  latter.  This  plant  makes  good  summer  feed 
for  horses,  but  should  not  be  fed  until  in  full  bloom,  on  account  of  its 
diuretic  action  (Smith).  If  is  said  to  materially  increase  the  flow  of 
milk  in  cows.     Two  bushels  of  seed  are  i-equii-ed  to  the  acre. 

White  clover  {Trifolium  repens)  is  a  perennial,  forming  an  excel- 
lent turf.  "The  foliage,  though  pro<lueed  in  small  quantity,  is 
sweet,  nutritious,  and  eagerly  sought  for  by  all  kinds  of  stock  "  (Smith). 
In  some  places  white  clover  is  i-eportcil  as  being  disliked  by  stock, 
but  tlii.s  is  probably  due  to  alsike  clover  having  Ix-en  mistaken  for 
it,  as  the  two  are  much  alike  in  genera!  appearance.  Alsike  clover 
is  somewhat  bitter  and  is  not  so  well  liked  by  stock.  White  clover  is 
said  to  possess  higher  nutritive  value  than  any  other  siiecies.  Some 
of  the  newer  selected  strains,  such  as  giant  perennial  white  clover, 
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have  proved  far  siii>erior  to  the  ordinary  wild  form,  yielding  a  mti«li 
heavier  crop  of  foliage  suitable  for  hay.  Whitt'  clover  growHwell  on 
the  l>ottora  lands  of  northwestern  California  around  Scotia,  Ferndale, 
Crescent  City,  etc.,  and  thrives  on  a  great  variety  of  soils  and  under 
varied  conditions.  It  sliould  prove  a  iiseful  forage  plant  on  valley 
soils  and  is  worth  trial  even  on  the  open  range.  It  is  usuallj-  m\vn 
with  other  forage  plant.s,  such  as  Italian  ray  grass.  If  sown  alone, 
fi-om  6  to  8  pounds  of  seed  to  the  acre  is  recommended. 
POISONOUS  PLANTS. 

Mr.  Sheppai-d,  of  Point  Ai-ena,  reports  that  when  he  firat  settled 
there  some  forty-tive  years  ago  many  young  animals  died,  supiiosetUy 
from  eating  "poison  hemlock"  (?),  but  that  there  are  no  longer  any 
poisonous  plants  on  his  ranch,  which  is  situated  on  the  bottom  lands 
of  the  Garcia  River. 

On  Bear  River  Ridge  ilr.  Farley,  who  has  handle<l  cattle  there  for 
thirteen  years,  reports  the  presence  of  two  i>oisonou8  plants,  which, 
however,  cause  but  little  trouble.  One  he  calls  "larkspur;"  the 
other  is  described  as  a  plant  "growing  up  like  tobacco,  altout  2  feet 
high,  and  havinga  blue  flower  like  larkspur,"  Calves  are  sometimes 
poisoned  with  the  latter  in  the  spring,  while  the  grass  is  oniy  a  few 
inches  high  and  stock  are  loo  "greedy"  to  carefully  select  their  food. 
When  the  grass  is  6  or  8  inches  high  cases  of  poisoning  do  not  oecuv. 
The  operation  of  "bleeding"  is  generally  resorted  to  in  cases  of  poi- 
soning by  these  plants. 

Bloating  is  reijorted  as  somewhat  common  on  the  ranges  in  spring, 
and  bear  clover  {Trifoliuvt  furcatum  riresceiis)  is  sometimes  called 
"bloat  clover,"  as  it  is  considered  the  most  common  canae  of  tlie 
trouble.  Usually  bloating  readily  yields  to  the  knife  if  the  ease  is 
treated  immediately. 

Comparatively  few  specimens  of  poisonous  plants  wen;  notetl  in  the 
i-egion,  and  we  heard  scarcely  any  complaint  alwut  cattle  poisoning. 
The  following  siwoies  were  observed: 

Poison  hemlock  {Conitim  vmcitlainm).  A  large  patch  was  found 
among  brush  by  the  roadside,  about  3  miles  north  of  Jliller, 

Larkspur;  cow  poison  {Delphinium  iroUiifoliinn)  is  i-eportcd  "com- 
mon on  ridges  thi-oughoiit  Humboldt  County,  where  the  stockmen 
call  it  cow  poison"  (Rattan).  Apparently  not  common  in  the  region, 
as  we  found  it  at  only  one  place,  viz,  on  a  bank  by  the  roadside  at 
Acorn  Station,  neai-  Korbel.  It  is  al.so  reporte<l  as  oeeuiTing  spar- 
ingly on  Bear  River  Ridge,  but  a  search  failed  to  bring  it  to  light. 
"Its  tosic  character  has  been  questioned.  Perhaps  it  is  not  equally 
poisonous  throughout  all  stages  of  its  growth  "  (Chesnut)." 

Foxglove  {Digitnlia  jiurpurea)  ap|>eHi's  as  escaped  from  a  cottage 
garden  in  the  hills  back  of  Point  Arena;  abundantly  naturalized  on 

•CheBnut.  V.  K.;  Preliminary  Catalopie  of  Plants  Poisonona  to  Stock:  rejirint 
from  Annual  Eeixirt  U.  S.  Dept.  of  Agric,  Bnreaii  Animal  Indiiatrj-,  IWW. 
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the  Eel  River  bottom  lands  and  elsewhere  along  the  coast.  In 
Europe  horses  are  oeca^iionally  poisoned  by  nipping  thtii  plants  from 
gardens  or  by  eating  hay  contaminated  with  it. 

Darnel  {Lolium  i-emuUntiim)  is  met  vrith  at  Ukiah,  Fort  Bragg, 
Femdale,  >ind  in  Hupa  Valley,  but  nowhere  in  great  abundance. 

False  hellebore  {Verairum  culifonucum)  is  common  in  moist 
places  in  Sherwood  Valley  and  uorthward.  Reported  as  poison- 
ous to  stock  and  said  to  be  increasing  in  quantity.  "  The  root  and 
young  shoots  have  been  reported  as  being  fatal  to  horses"  (Chesnut). 

Western  Labrador  tea  (Ledum  gl.anthdo'iuin)  is  reiwrted  by  Miss 
Parsons "  to  be  much  dreaded  by  sheepmen,  who  claim  that  it  poisons 
their  flocks.  Fortunately  for  stockmen,  this  plant  is  practically 
restricted  in  this  region  of  the  State  to  the  white-aah  prairies  and 
sphagnoni  swamps,  and  is  rarely  met  with  in  open  pastures.  The 
only  places  noteil  by  the  writer  where  stock  wonld  be  likely  to  find 
access  to  it  were  some  swamps  on  the  cattle  ranges  of  the  Point  Arena 
bluffs.     It  also  occurs  in  similar  spots  on  Point  Reyes. 

Buckeye  {Aesctdus  californica).  The  fruit  is  generally  regarded  as 
poisonous  to  stock,  but  may  easily  be  converted  into  food  by  washing 
and  boiling.  It  is  asserted  that  a  small  quantity  will  cause  cows  to 
slip  their  yoting  (Chesnut). 

Rhododendron  {Rhododendron  californicum)  is  reported  from  Ore- 
gon as  poisonous  to  sheep  (Cheanut) ;  abundant  on  the  White  Plains. 

Azalea  [Rhododendron  occidentale)  is  very  much  dreaded  by  sheep- 
men who  drive  their  flocks  into  the  southern  Sierras  for  pasture. 
Investigation  has  shown  that  the  leaves  contain  a  poisonous  substance 
(Chesnut) ;  common  along  streams  throughout  northwestern  California. 

Calico-bush  {Kalmia  glauca  vik-rophylla),  common  on  Trinity  Sum- 
mit, may  possibly  prove  poisonous  to  sheep,  as  some  of  the  eastern 
species  of  the  genus  are  considered  among  the  most  dangerous  of  cattle 
poisons. 

Milkweed(Jsc?ci»'o.teriocarpH).  Several  authentic  accounts  of  the 
poisoning  of  sheep  have  been  secured  against  this  plant  in  Jlendocino 
County.  It  is  especially  feared  on  very  warm  days  by  sheepmen  when 
they  are  compelled  to  drive  their  flocks  through  dry,  barren  vallej's. 
It  sometimes  grows  on  cultivated  land,  and  is  cut  with  hay  (Chesnut). 

Cocklebur  (Xuntluum  canadense)  appears  in  this  region,  as  already 
noted.  The  young  seedlings  are  reported  from  Texas  as  being  rapidly 
fatal  to  hogs  (Chesnut). 

PUNGOTJS  PARASITES.'' 

The  injury  to  the  forage  plants  of  the  region  under  consideration, 

caused  by  parasitic  fungi,  is  exceedingly  slight,  in  so  far  as  can  be 

estimated  from  a  rapid  survey  during  a  single  season.     The  elevated 

'Parsons,  M,  B..  "Wild  flowers  of  California,  their  names,  liaunts  and  habits." 
San  Frandso),  1897. 
''  The  notes  here  presenteil  were  prepared  hr  Dr.  W.  C.  Blaadale. 
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upland  ranges  are  singularly  free  from  pests  of  this  sort,  but  in  the 
moister  bottom  lands  many  of  the  conLoion  grass-in  habiting  species  of 
rusts  and  smuts  are  found. 

Ustilago  avente  (Pers.)  Jensen,  oat  smut,  is  seldom  absent  from 
fields  of  ciiltivated  oats,  and  in  certain  seasons  is  said  to  cause  con- 
siderable injury.     It  is  occasionally  found  on  the  wild  oats. 

Ustilago  Jwlwtiyi,  D'ietel.,  is  frequently  found  on  Hordeum  nodosum, 
but  can  scarcely  be  considered  a  pest. 

Ustilago  hromivora,  Fisch.,  is  found  on  Bromus  hordeaceus  glahres- 
cens,  but  is  not  widely  distributed. 

Puecinia  rubigo-vera  (D.  C.)  Wint.,  orange  leaf  rust,  is  not  un- 
common on  Bromus  secalinus  and  B.  carinafus,  but  the  amount  of 
injurj'  effected  by  it  is  not  great. 

A  yellon-spored  Uredo  is  almost  constantly  associated  with  Holcris 
lanatus,  and,  were  this  grass  a  more  valuable  one,  the  rust  might  be 
considered  a  serious  pest.  Observations  on  this  species  in  other  por- 
tions of  the  State  have  shown  that  it  persists  throughout  the  year  with- 
ont  the  formation  of  other  spore  forms,  which  renders  its  identification 
impossible. 

Uromyces  minor,  Schroet.,  clover  rust,  frequently  injures  certain 
species  of  Trifolium,  especially  T.  t/wftium  and  T.  mierodon.  In  other 
portions  of  the  State  it  is  especially  injurious  to  T.  gracilenium. 

What  is  probably  the  uredo  stage  of  Uromijces  sfriatus,  Schroet., 
was  also  found  in  abundance  in  a  single  locality  on  Afedicago 
lupulina. 

Pseudopeziza  trifolii,  Fekl.,  is  widely  distributed  and  injures 
nearly  all  the  species  of  Trifolium,  but  especially  T.  cyathiferum  and 
T.  mierodon. 

The  species  enumerated  below  are  of  frequent  oceurrenee,  though 
of  no  special  economic  significance:  j^idium  sommerfeUii  Johan- 
son,  on  AquHegia  iruncata;  ^ddium  hydrophyUi  Peck,  on  Hydro- 
phyUum capitatum;  j^idium  pseudo-bcdsameum  D.  and  H.,on  Abies 
grandis;  Actinonema  rosae  {Lib.)  Fr.,  on  Rosa  gymnocarpaj  Doas- 
sansia  (dismatis  (Nees)  Cornu,  on  Alisma  plantago;  Puecinia 
ciraeiB  Pers.,  on  Circ(ea  pacifica;  Puecinia  deiisa  D.  and  H.,  on 
Viola  glabella;  Puecinia  bistortte  (Strauss)  Wint,,  on  Polygonum  bis- 
tortoides;  Puecinia  asari  Link,  on  Asarum  caudatumj  Puecinia 
gentiance  (Strauss)  Link,  on  Genfiana  menziesii;  Puecinia  inalra- 
cearum  Jlont.,  on  Althcea  rosea  and  Malva  sp. ;  Puecinia  menfha- 
Pers.,  on  Micromeria  douglasH  and  Monardella  undulaUi;  Puecinia 
mesnieriana  Thuem.,  on  Rhamnus  crocea;  Puecinia  nodosa  Ell.  A 
Hark,,  on  Brodicea  capitata;  Pueeinia  melanconioides  Ell.  &  Hark., 
on  Dodecatheon  cruciatum;  Puecinia  mirabiiissima  Peck,  on  Berberis 
nervosa;  Puecinia  hieracii  (Schum.)  Mart.,  ou  Carduus  lanceolaUis; 
Pueeinia  plumbaria  Peck,  on  Phlox  gracilis;  Puecinia  symphoricarpi 
Hark.,  on   Symphoricarpus  mdlis;   Puecinia  pim}nn€lke  (Strauss) 
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Link,  on  Osmorrhisa  bfevistylis;  Pucciiiiaw>/el}iicePeek.,oii  Wyethia 
angusiifolia;  PhragmuUum  subcorticium  (Schraiik.)  Wint,  ou  Rosa 
gymnocarpa;  Phvagmidium  ruhi-iil(ei  (DO.)  Karst.,  ou  Ruhus 
parvifiorus;  Sphctroiheva  humuU  (DC.)  Biiirill,  oii  Collomia  hetei'o- 
pliylla;  SyncJii/triiun  plurianmilafum  Farlow,  on  Sanicula  vienziesU; 
Triphragmium  echinaium  Lev.,  oa  Selinum  pacijicuvt;  Uromyces 
atfrrhnus  D.  4  H.,  on  AUitim  unifolitim;  Uromyces  lujperici  (Scliw.) 
Curt.,  on  Hypericum  anagaUoidesj  Uredo  arbuii  D.  &  H.,  on  Rhodo- 
dendron caUfornicum. 

PHYTOGHAPHIC  HOTBS. 

The  nouthern  portion  of  the  region  under  investigation  is  included 
by  Dr.  C.  Hart  Merriam  in  his  Transition  Zone.  The  Canadian  Zone 
covers  a  large  part  of  Del  Norte  and  northern  Humboldt  counties 
and  the  Hudsonian  Zone  occupies  the  highest  mountain  summits. 
Our  general  collections  have  not  yet  been  completely  worked  up,  so 
that  we  can  not  give  adequate  lists  of  the  plants  by  which  each  of 
these  zones  is  characterized. 

In  general  features  the  floi-a  over  the  largest  iwrtion  of  thi.i  region 
diffei-8  little  from  that  of  the  region  immediately  north  of  San  Fran- 
cisco Bay.  Some  species  of  the  latterarea  do  not  extend  as  far  north 
as  the  region  under  investigation,  but  in  their  stead  occur  species 
characteristic  of  a  more  northerly  climate.  Sequoia  sempervirens  is 
the  most  characteristic  free,  here  reaching  its  greatest  development 
and  occurring  throughout  the  area.  Immediately  along  the  coast 
occur  other  coniferous  trees.  In  Mendocino  Couutj- P/)iits7Ji((r(cata 
and  P.  contorta  are  the  prevalent  species,  and  a  few  specimens  of 
Abies  grandin  occur.  Tlie  pines  were  not  obser\-ed  along  the  coast 
of  Humboldt  and  Del  Norte  counties  being  replaced  by  Abies  gran- 
(lis,  Picea  sitchensis,  and  Tsuga  mertensiana. 

The  highest  summits  of  the  South  Fork  Mountains,  which  separate 
Humboldt  County  from  Trinity  County,  are  chaiacterized  by  a  highly 
interesting  flora,  showing  a  close  connection  with  that  of  the  Northern 
Sierra  Nevada,  with  which  it  is  topographically  connected  by  the 
Salmon  and  Scott  ranges  and  Mount  Shasta.  Our  collections  from 
this  portion  of  the  region  have  not  yet  been  completely  worked  over, 
but  they  contain  such  interesting  Sierran  species  as  Arctoshiphylos 
nevadensis,  Caltha  biflora,  Diceiitra  nnifiorn,  Kalmia  ginuca  micro- 
phyUa,  Quercus  chrysolepis  vacciniifolia,  Pentstemon  veirbemji,  Ribes 
cereum,  Sarcodes  sunguineo,  Spraguea  umbellata,  Vacctnium  arhvs- 
cida,  and  Viola  blanda. 

But  little  systematic  work  has  been  done  on  the  flora  of  this  region. 
Collections  have  been  made  by  H.  N.  Bolander,  C.  G.  Pringle,  Volney 
Rattan,  C.  C.  Marshall,  V.  K.  Chesnut,  Elmer  R.  Drew,  W.  C.  Bias- 
dale,  M.  A.  Howe.  J.  P.  Tracy,  H.  P.  Chandler,  Miss  Alice  Eastwood, 
and  the  writer.     Bolander's  and  some  of  Rattan's  notes  are  recorded 
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in  the  Botany  of  the  State  Geological  Survey,  and  several  of  il;ir- 
shaU's  novelties  have  Iwen  deseribetl  in  the  writings  of  Prof,  E.  I., 
Greene.  The  only  publications  dealing;  directly  with  the  Rora  of  the 
region  ai-e  those  of  Blasdale  and  Drew. 

SUMMABY. 

I.  The  principal  industries  of  the  region  under  consideration  are 
stock  raising,  dairying,  lumbering,  and  barking. 

3.  Luinlwr  and  tanbark  are  practically  confined  to  the  redwood 
belt,  a  narrow  strip  of  country  running  nearly  parallel  with  the 
coast  line. 

3.  Dairying  is  practically  restricted  to  a  few  points  aloug  the 
coast,  at  Point  Arena,  and  particularly  the  fertile  flood  plains  near 
Eureka  and  Crescent  City.  The  mountain  valleys  at  the  headwatei-s 
of.  the  various  branches  of  Eel  River  seem  to  be  well  adapted  to 
dairying  where  they  are  within  accessible  distance  of  a  market  or 
shipping  point. 

i.  The  best  grazing  areas  are  (a)  the  coast  blufEs,  particularly  near 
Point  Arena  and  in  the  Cape  Mendocino  country;  (b)  the  mountain 
valleys  above  referred  to,  and  (c)  the  upland  ridges  of  the  plateau. 
Tlie  plateau  ridges  furnish  by  far  the  largest  grazing  area.  This 
plateau  country  is  not  adapted  to  general  agriculture. 

5.  Annual  (seed  growing)  grasses  seem  to  be  better  adapted  to 
the  upland  ranges  than  perennial  ("root  growing")  species.  They 
reproduce  themselves  from  seed  much  more  readily  after  trampling 
out  than  the  perennial  species  and  furnish  a  lai^e  amount  of  early 
winter  feed. 

C.  Naturalized  forage  plants,  introduced  accidentally  from  foreign 
countries,  such  as  alfilerilla,  bur  clover,  rat-tail  fescue,  barley  grass, 
and  soft  chess  are  pi-oving  better  able  to  stand  trampling  and  graz- 
ing than  the  native  species. 

7.  The  maximum  carrying  capacity  of  the  ranges  has  been  reduced 
from  5  acres  per  head  of  cattle  to  10, 12,  and,  it  is  said,  even  HO  acres, 
within  comparatively  few  years,  through  excessively  high  land  val- 
uations and  consequent  overstocking  of  the  ranges.  The  result  of 
our  investigations  shows,  and  it  has  since  l>een  confirmed  bj-  practical 
stockmen  who  have  grazed  some  of  these  ranges  for  years,  that  not 
less  than  8  acres  of  range  {including  the  usual  proportion  of  brush 
and  timl)er)  should  Ije  allowed  to  each  head  of  cattle.  At  this  ratio 
the  range  can  be  maintained,  and  even  improved,  with  judicious 
handling.  This  nitio  should  be  made  the  basis  of  valuation  in  the 
puix-hase  of  a  range,  the  relative  amount  of  oymn  range  and  of  wood- 
land also  l>eing  taken  into  account. 

S.  The  principal  .secret  of  successful  stock  raising  in  this  region  is 
to  allow  abundance  of  grass  to  go  to  seed.  Seeding  grass  knee-deep 
is  not  wasted,  as  is  usually  supposed,  but  insures  an  Hbiindance  of 


dbyGoogIc 


78  STOCK    BANOES    OF    NOETHWESTERN   CALIFORNIA. 

feed  for  the  following  year,  not  only  on  account  of  the  seed  scattered, 
but  because  it  provides  a  good  seed  bed, 

d.  Sheep  are  no  more  injurious  to  a  range,  when  properly  handled, 
than  are  cattle. 

10.  On  account  of  the  importance  of  the  tan  oak  to  Califomian 
industries,  an  investigation  of  the  resources  of  the  Stat«  in  this  direc- 
tion is  desirable. 

1 1.  The  protection  of  drinking  holes  preserves  the  water  supply  and 
adds  greatly  to  the  value  of  the  range;  wherever  possible  proper 
drinking  troughs  should  be  placed  at  a  short  distance  from  the  spring 
and  the  spring  itself  should  be  fenced.  Small  springs  are  often  ruined 
by  trampling. 

12.  The  maintenance  of  springs  and  streams  by  preserving  the  tim- 
ber and  brush  in  their  immediate  vicinity  is  of  the  greatest  importance 
to  the  range;  it  not  only  conserves  the  water  supply,  but  also  affords 
shelter  to  the  stock  in  cold,  wet  weather. 

13.  The  importance  of  maintaining  good  fences  around  a  range 
should  not  be  overlooked,  and  wherever  practicable  it  is  found  profit- 
able to  fence  oflf  a  i-ang©  into  several  pastures,  giving  each  one  a  rest 
from  time  to  time. 
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LETTER  OF  TRANSMITTAL 


U.  8.  Department  of  Agricultuhe, 

Bdbead  op  Plant  Imdustrt, 

Office  ot  the  Chief, 
Waskinffton,  D.  C,  Jfovemher  ^S,  1901. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  on  Experiments 
in  Range  Improvement  in  Central  Texas,  and  respectfully  recommend 
that  it  be  published  as  Bulletin  No.   13  of  the  Bureau  series.     The 
paper  was  prepared  by  Mr.  H.  L.  Bentley,  special  agent,  Grass  and 
For^e  Plant  Investigations,  and  was  submitted  by  the  Agrostologist. 
Respectfully, 

B.  T.  Gallowat, 

Chief  of  Bureau, 
Hon.  Jameb  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


Central  Texas  is  a  semiarid  region,  and  is  naturally  one  of  the  best 
grazing  or  live-stock  sections  in .  the  Southwest,  The  native  grasses 
which,  prior  to  1875,  were  most  abundant  in  variety  and  quantity  have 
been  to  a  great  extent  destroyed,  so  that  the  carrying  capacity  of  the 
ranges  has  been  greatly  diminished,  but  there  are  enough  gras^  roots 
left  to  make  the  restoration  of  the  pastures  to  their  former  condition 
possible  at  comparatively  small  expense.  The  experiments  at  Abilene 
were  undertaken  to  demonstrate  the  truth  of  this  statement,  and  the 
report  of  Mr.  Bentley,  special  agent  in  immediate  charge  of  the  work, 
will  be  of  more  than  ordinary  interest,  not  only  to  stockmen  of  central 
Texas,  but  to  all  engaged  in  the  cattle  industry  on  the  western  ranges, 
as  showing  how  the  result  in  view  was  accomplished.  What  has  here 
been  done  under  Government  direction  may  be  done  by  individuals. 
In  fact,  the  primary  object  of  this  report  is  to  invite  attention  to  the 
methods  pursued  and  the  actual  results  attained  that  all  interested  may 
take  advantage  of  the  experience  acquired  in  the  work.  The  results 
have  demonstrated  the  practicability  of  reclaiming  the  worn-out  ranges 
in  central  Texas,  at  least,  within  a  reasonable  time  and  expense.  The 
land  selected,  which  was  a  range  below  the  average  quality,  was  leased 
to  the  Department  by  Mr.  C.  W.  Merchantfor  use  in  these  experiments, 
and  was  fenced,  in  avcordance  with  our  directions,  by  the  citizens  of 
Abilene,  and  to  this  extent  the  work  was  cooperative  with  the  people 
of  that  town.  At  the  beginning  of  the  experiments  the  carrying  capa- 
city of  the  pasture  selected  was  40  head  of  mixed  cattle  to  the  section, 
or  1  to  16  acres.  When  the  experiments  were  concluded  on  April  1, 
1901,  the  carrying  capacity  was  estimated  to  be  100  head  of  mixed  cat- 
tle for  the  640  acres,  or  an  increase  of  more  than  100  per  cent.  The 
actual  cost  to  the  Department  did  not  average  more  than  25  cents  per 
acre  per  year,  or  75  cents  per  acre  for  the  three  years.  The  rental  of 
the  640  acres  had  doubled  iu  actual  value  as  the  result  of  the  three  years' 
experiments,  or,  we  will  say,  had  risen  from  $5  an  acre  in  1898  to  $10 
an  acre  in  1901,  giving  a  net  inci'ease  of  $4.25  per  acre,  or  $2,720  for 
the  section. 
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This  office  is  under  obli^tions  to  Messrs.  D,  W.  Middleton,  J.  W. 
Parramore,  and  W.  J.  Bryan,  of  Abilene,  Tex.,  who  during  the  term 
acted  as  station  inspectors  and  in  many  other  ways  cooperated  and 
aided  materially  in  this  work.  To  Mr.  P.  O.  Forbus,  also  of  Abilene, 
who  during  three  full  years  was  foreman  of  the  working  force  of  the 
station  and  in  many  ways  contributed  to  whatever  success  was  secured, 
acknowledgments  are  also  due. 

F.  Lauson-Scbibner, 

Office  of  the  Aghostologist, 

Washington,  D.  C,  November  J9, 1901. 
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EXPERIMENTS  IN  RANGE  IMPROVEMENT  IN 
CENTRAL  TEXAS. 


IHTB0D1TCTI01T. 

It  has  been  written  that  he  is  a  benefactor  of  the  human  race  who 
makes  two  blades  of  grasa  grow  where  but  one  grew  before.  May  it 
not  be  said  with  as  much  reason  that  he  who  destroys  the -single  blade 
is  a  menace  to  civilization  ?  At  all  events,  the  suggestion  opens  up  an 
interesting  line  of  thought,  and  it  may  be  well  worth  the  effort  involved 
to  consider  very  briefly  the  present  conditions  of  central  Texas  and 
the  Southwest  generally. 

The  capacity  of  this  section  for  carrying  live  stock  has  been,  during 
the  past  fifteen  or  twenty  years,  diminished  from  30  to  50  per  cent  as 
the  result  of  either  bad  management  or  a  reckless  desire  on  the  part 
those  who  occupied  it  to  "get  rich  in  a  hurry." 

In  Grazing  Problems  in  the  Southwest,  and  How  to  Meet  Them, 
prepared  by  Jared  G.  Smith,  under  the  direction  of  the  Agrostolc^st, 
it  is  stated  that  the  Secretary  of  Agriculture,  fully  appreciating  these 
conditions,  directed  the  Division  of  Agrostology  early  in  1897  to  begin 
investigations  of  the  forage  problems  and  conditions  throughout  the 
regions  of  the  Southwest  with  instructions  that  particular  attention  be 
given  the  native  grasses  and  forage  plants,  their  abundance  and  value, 
their  preservation,  and  the  possible  methods  to  be  employed  in  restor- 
ing the  former  carrying  capacity  of  the  ranges. 

In  line  with  these  purposes,  Mr.  Smith  visited  central  Texas  in  the 
spring  of  1897.  Finding  there  a  condition  of  affairs  that,  in  view  of  the 
large  area  of  country  included  in  his  proposed  field  of  work,  called 
for  a  more  extensive  investigation  than  he  could  make  in  person,  the 
writer  was  requested  to  undertake  and  make  the  investigations  and 
submit  a  report  upon  the  grasses  and  forage  plants  of  central  Texas. 
It  was  further  suggested  that  the  existing  condition  of  the  cattle  ranges 
of  the  Southwest  generally  be  looked  into;  that  the  causes  of  the 
radical  exhaustion  of  the  pasturage  of  central  Texas  particularly  be 
determined,  as  far  as  practicable,  and  that  a  history  of  such  exhaus- 
tion, with  suggestions  for  its  restoration,  be  submitted.  This  special 
commission  having  been  approved  by  the  Agrostologist,  the  writer 
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8  BANOE  IICPBOVEMENT  IN  OEHTTBAL  TEXAS. 

CDtered  upon  the  work,  and  as  a  result  of  his  iavestif^tions  Bub- 
mitted  two  reports  corerinp  the  same.  One,  A  Report  upon  the 
Grasses  and  Forage  Plants  of  Cezitral  Texas,  was  published  in  1898  as 
Bulletin  No.  10,  Division  of  Agrostologj',  United  States  Department 
of  Agriculture;  the  other.  Cattle  Ranges  of  the  Southwest,  was  pub- 
lished the  same  year  as  Farmers^  Bulletin  No.  72  by  the  same  Depart- 
ment. The  former  contained  brief  accounts  of  the  physical  character 
of  central  Texas,  the  early  and  (then)  present  condition  of  the  ranges, 
and  descriptions  and  general  observations  upon  the  distribution  and 
economic  importance  of  a  large  number  of  the  grasses  and  forage 
plants  natural  to  the  region.  The  latter  report  was  a  history  of  the 
exhaustion  of  the  pasturage  of  central  Texas  particularly,  with  sug- 
gestions for  its  restoration.  These  two  reports  were  applicable  to  a 
territory  200  miles  long  and  150  miles  wide,  between  the  ninety -eighth 
meridian  and  the  western  edge  of  the  Staked  Plains.  As  one  result  of 
these  investigations  and  reports,  it  was  decided  to  obtain  control  of  a 
body  of  overgrazed  land  in  central  Texas  in  order  to  carry  on,  during 
three  years,  experiments  in  methods  of  practical  range  improvement. 
In  March,  1898,  Prof.  C.  C.  Georgeson,  then  connected  with  the 
Division  of  Agrostology,  was  sent  to  Texas  to  select  the  lp.nd.  He 
chose  640  acres  near  Abilene,  and  Prof.  Jared  G.  Smith  was  commis- 
sioned to  establish  the  work.  In  April  the  writer  was  appointed  spe- 
cial agent  in  charge  of  this  work,  really  the  first  ever  undertaken 
either  by  the  General  Government  or  by  State  experiment  stations. 

The  report  here  presented  covers  the  work  done  under  this  appoint- 
ment during  the  period  between  April  1,  1898,  and  April  1,  1901. 

The  central  Texas  country,  to  quote  from  Farmers'  Bulletin  No.  72, 
above  referi-ed  to,  includes  all  of  the  counties  of  Stonewall,  Haskell, 
Throckmorton,  Fisher,  Jones,  Shackelford,  Nolan,  Taylor,  Callahan, 
Runnels,  Coleman,  Tom  Green,  Concho,  and  McCulloch,  and  parts  of 
the  counties  of  Kent,  Scurry,  Mitchell,  Coke,  San  Saba,  Brown,  East- 
land, Stephens,  and  Young.  It  embraces  a  territory  about  100  miles 
wide  east  and  west  and  about  200  miles  long  north  and  south. 

The  characteristics  common  to  these  counties  are: 

(1)  An  open  country  in  the  main,  with  some  black-jack,  post-oak, 
and  live-oak  timber  on  the  uplands  and  ridges. 

(2)  A  scattering  growth  of  mesquite  trees  on  the  lands  away  from 
the  streams,  which,  together  with  the  timber  on  the  streams,  furnishes 
ample  firewood  and  posts  for  fencing  purposes. 

(3)  Numerous  streams  that  furnish  an  abundance  of  "stock  water," 
fringed  along  their  banks  with  groves  of  pecan,  elm,  hackberry,  wild 
china,  cottonwood,  and  other  trees. 

(4)  An  altitude  ranging  from  1,500  to  1,900  feet  above  the  sea  level 

(5)  A  climate  pure  and  bracing. 
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(6)  An  annual  rainfall  of  about  20  to  35  inches,  the  average  being 
about  30  inches,  so  distributed  through  the  year  that  it  suffices  for 
range  purposes,  but  periodically  is  not  quite  enough  for  the  best 
results  in  farming. 

(7)  A  temperature  ranging  from  90°  to  102*^  down  to  —6'^  F. 

(8)  A  rich  alluvial  soil  in  most  of  the  ralleys,  while  on  the  uplands 
there  are  loams  generally  containing  a  large  admixture  of  calcareous 
marls,  varying  in  color  from  a  light  gray  through  all  the  intermediate 
colors — chocolate,  mulatto,  red,  brown — to  black;  all  productive  and 
susceptible  of  high  cultivation,  and  especially  rich  in  all  the  essentials 
for  the  production  of  cereals  and  grasses. 

(9)  A  great  variety  of  forage  plaate  and  rich  gi-assea. 
Stonewall,  Nolan,  Mitchell,  McCuUoch,  Coke,  San  Saba,  and  Taylor 

counties,  by  their  mountains,  level  plains,  and  rolling  prairies,  present 
a  greater  diversity  of  surface  than  the  others.  In  Taylor  County 
there  are  elevations  of  considerable  altitude,  one  mountain  range 
extending  through  it  from  southeast  to  northwest,  the  highest  point 
being  519  feet  above  the  surrounding  plains.  In  Throckmorton, 
Stephens,  Shackelford,  Callahan,  Runnels,  Coleman,  and  Tom  Green 
counties  there  are  some  broken  areas.  In  the  other  ten  counties 
named  there  are  comparatively  few  hills  and  practically  no  mountains, 
the  prevailing  characteristic  topography  being  the  rolling  or  undulat- 
ing prairies.  In  all  of  these  counties  where  there  are  neither  moun- 
tains nor  hills  the  general  surface  in  gently  undulating,  except  in  the 
immediate  vicinity  of  the  streams,  where  it  is  rough  and  sometimes 
cut  up  by  canyons. 

To  the  end  that  a  proper  understanding  may  be  had  of  the  weather 
conditions  that  prevailed  here  during  the  three  years'  work  mentioned, 
the  following  monthly  condensed  data  are  given  from  the  figures 
specially  prepared  for  this  report.  They  indicate  the  highest,  lowest, 
and  mean  temperature,  and  the  total  and  mean  precipitation,  in  inches, 
during  each  mouth  of  the  three  years  above  mentioned: 
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In  the  four  periods  an  above  indicated  are  the  thirty-six  months 
during  which  the  station  work  under  consideration  was  earned 
The  work  covered  three  periods  of  twelve  months  each — April,  1898, 
to  and  including  March,  1899;  April,  1899,  to  and  including  March. 
1900;  April,  1900,  to  and  including  March,  1901.  The  averages  of 
the  temperature  and  precipitation  for  each  of  these  three  periods  were; 
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It  will  be  noticed  that  the  total  precipitation  during  the  first  period 
of  twelve  months  was  19.45  inches,  an  average  of  1.628  inches  per 
month,  about  10.55  inches  less  than  normal.     The  nert  twelve  months 
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the  total  increased  to  25.84  inches,  still  4.16  inches  less  than  normal. 
During  the  last  year  of  the  work  the  total  was  31.31  inches,  over  1.31 
inches  above  normal.  The  work,  therefore,  was  inaugurated  under 
local  conditions  that  were  very  unfavorable  for  good  results.  In  the 
detailed  report  to  follow  it  will  be  explained  how  such  conditions 
militated  against  the  work  and  prevented  the  best  results;  and  yet,  on 
the  whole,  the  results  actually  secured  were  encouraging,  and  demon- 
strated the  practicability  of  reclaiming  the  worn-out  ranges  within 
a  reasonable  time  and  at  an  expense  that  should  not  discourage 
farmers  and  stockmen.  Up  to  within  a  few  years  past  the  average 
farmers  and  stockmen  of  the  Soutiiwest  were  little  inclined  to  adopt 
any  other  than  "the  old  regulation  methods"  of  farming  uid handling 
live  stock  that  had  been  in  vogue  "since  the  time  when  the  memory 
of  man  runneth  not  to  the  contrary,"  as  the  old  law  books  stated 
the  idea.  In  other  words,  the  "book  farmer"  was  looked  upon  by 
the  regulation  or  orthodox  fanner  as  "a  crank,"  a  visionary  sort 
of  creature  to  be  respected  for  his  enthusiasm,  but  to  be  avoided  in 
matters  of  business.  He  was  deemed  impractical  by  the  men  who 
prided  themselves  on  being  "practical  farmers,"  but  who  were  con- 
stantly putting  into  practice  methods  that  for  all  practical  purposes 
were  "out  of  date"  and  wrong.  Fortunately,  the  farmer  who  reads, 
studies,  experiments,  and  adopts  scientifically  correct  methods  is  no 
longer  sneered  at  by  those  who  are  Jess  advanced  than  he.  They  are 
still  slow  to  accept  his  advice  and  adopt  his  methods,  even  when  they 
must  see  or  recognize  their  superiority  to  the  old-time  methods.  In 
good  time,  however,  they  wUl  accept  his  way  of  thinking  and  doing, 
and  though  their  apparent  lack  of  interest  in  the  more  advanced 
methods  of  fai'ming  is  somewhat  discouraging  to  those  who  are  will- 
ing to  aid  them,  nevertheless,  year  by  year,  a  large  per  cent  of  them 
are  reading,  studying,  and  experimenting  for  themselves.  In  like 
manner,  stockmen  who,  a  few  years  ago,  were  satisfied  to  follow  the 
"seven  and  six"  plans  of  the  old  times,  are  beginning  to  realize  the 
common  sense  in  the  latter  methods,  and  are  manifesting  a  strong 
inclination  to  adopt  the  up-to-date  ways. 

During  the  first  year  of  the  work  under  consideration  a  large  num- 
ber of  farmers  and  stockmen  of  central  Texas  called  at  the  grass  and 
f  or^e  plant  station  *  *  to  see  what  they  could  see. "  Not  a  few  of  them 
were  emphatic  in  their  expressions  of  disapproval.  During  the  last 
year  of  the  work  much  interest  was  manifested  in  it,  and  though  much 
too  small  a  number  of  those  who  have  followed  and  approved  of  the 
work,  and  now  testify  to  the  practical  results  secured,  have  concluded 
to  adopt  similar  methods  on  their  own  properties,  it  is  believed  that 
many  others  will  adopt  them  later.  As  one  stockman  said  in  the 
autumn  of  1900,  "Seeing  is  believing,  and  a  half-blind  man  can  see 
that  this  range  is  the  best  in  this  section,  while  before  the  Govem- 
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ment  took  it  in  hand  it  was  one  of  the  very  poorest."  Another 
remarked:  "Don't  think  ttiat  because  erery  stockman  in  these  parts 
hasn't  taken  up  the  methods  adopted  here  they  are  blind  or  indifferent. 
Many  of  them  have  been  wut«bing  and  taking  notes,  and  are  quietly 
makinfir  experiments  on  their  own  places,  and  1  predict  that  the  others 
will  do  likewise." 

The  world  is  slow  to  adopt  anything  new,  but  once  let  it  be  demon- 
strated that  it  pays  to  do  so,  and  no  people  are  more  ready  to  take  hold 
than  are  the  farmers  and  stockmen  of  the  United  States.  Hence,  it  is 
reasonable  to  believe  that  within  a  few  years  advanced  methods  of 
handling  the  ranges  will  be  adopted  in  central  Texas  and  throughont 
the  Southwestgenerally,  and  thatwhere  one  blade  of  grass  now  grows  in 
a  very  few  years  several  will  be  made  to  grow.  The  soil  of  these  ranges 
is  quite  &8  rich  in  food  for  grasses  and  forage  plants  in  1901  as  it  was 
thirty  years  ago.  The  seasons  are  as  good,  in  fact  better,  in  that  the 
rainfall  is  somewhat  greater  and  is  more  satisfactorily  distributed. 
Hence  the  belief  that  after  the  proper  methods  for  rejuvenating  the 
ranges  shall  have  been  generally  adopted,  it  will  not  be  many  years 
t>efore  the  range  capacity  for  sustaining  live  stock  will  be  quite  as 
great  as  it  was  in  the  sixties  and  seventies,  when  there  was  no  better 
stock  country  to  be  found  than  that  of  central  Texas. 

HI8T0BT  OF  ISB  XTB8T  TBAH'S  WOBX. 

BELECnON   OF   THE   LAND. 

In  March,  1899,  Prof.  C.  C.  Georgeson,  of  the  Division  of  Agros- 
tology, was  sent  by  the  Agrostolt^iat  to  select  a  section  of  range  land 
on  which  it  was  proposed  to  undertake  and  prosecute  experiments 
"to  demonstrate  the  most  practicable,  and  at  the  same  time  the  most 
economic,  way  of  treating  the  natui'al  pastures  in  order  to  again  cover 
them  with  the  native  grasses  or  with  other  species  from  similar 
regions  in  other  countries,"  He  put  in  several  days  looking  over  the 
many  sections  recommended  to  him  for  the  purposes  in  view.  Some 
of  them  were  already  fairly  good  ranges,  but  he  was  looking  for  one 
that  had  been  run  down  until  it  was  distinctly  a  very  poor  range. 
Some  of  them  were  valley  lands  altogether,  the  soils  being  uniformly 
rich  and  specially  favorable  for  the  growth,  under  favorable  condi- 
tions, of  grasses  and  fon^  plants,  but  he  was  looking  for  one  that 
was  poorer  and  if  anything  less  favorable  for  range  purposes  than 
the  average.  He  was  acting  on  the  idea  that  if  a  body  of  land  already 
stocked  with  grasses,  or  one  specially  located,  or  specially  rich  in 
the  matter  of  its  soil,  should  be  selected,  no  matter  how  successful 
might  be  the  results  of  the  experiments  to  be  made,  they  would  not 
be  accepted  as  demonstrating  the  correctness  of  the  methods  adopted. 
There  would  be  many  who  could  say,  with  some  reason,  and  would,  in 
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fact,  say  that  ''anybody  could  take  as  rich  a  range  as  that,  with  a 
good  lot  of  gnuta  to  begin  with,  and  make  a  favorable  showing  under 
fair  conditions."  AVhat  the  Agrostologist  wished  to  secure  was 
results  which,  if  satisfactory,  would  be  accepted  as  being  due  to  the 
putting  into  practice  of  correct  theories  and  pushing  them  on  correct 
lines.  That  is  what  Professor  Georgeson  had  in  mind  when  he 
selected  an  irregular  body  of  land  containing  640  acres  lying  about 
ii  miles  southwest  of  Abilene,  in  Taylor  County,  The  following 
diagram  of  the  land,  with  the  explanation  to  follow,  is  submitted: 


plan  ot  the  stattoD  grounds. 


Mr.  C.  W.  Merchant,  who  owned  the  pasture  which  included  this 
640  acres,  had  authorized  Professor  Georgeson  to  cut  out  all  he  cared 
to  use  in  any  shape  to  suit  himself.  There  was  no  running  water  on 
any  part  of  the  tract  selected,  but  through  each  of  the  subdivisions 
indicated  were  the  beds  of  dry  branches  and  holes  that  held  water  after 
copious  rains,  the  water  flowing  into  Elm  Creek  of  the  Brazos  River, 
which  supplied  in  the  main  the  stock  water  for  the  entire  Merchant 
pasture.  Next  to  these  branch  beds  were  level  lands  known,  locally, 
as  "second  valley  lands,"  to  distinguish  them  from  the  valley  lands 
lying  next  to  the  creeks  and  rivers.  All  of  these  \'allcys  were  narrow, 
and  extending  out  from  them  were  lands  known,  locally,  as  "the 
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uplandB,"  being  level  stretches,  as  a  rule,  above  the  valley  levels, 
though  in  the  north  parts  of  subdivision  Nos.  1,  5,  7,  and  8  were 
rough  hills  which  were  considerably  higher  than  the  surrounding 
lands.  The  purpose  of  taking  in  these  rough  valley  hills  was  to  make 
it  certain  that  a  lot  of  verj'  poor  and  unpromising  land,  as  well  as  some 
average  level  uplands  and  some  valley  lands,  might  be  included.  As 
Professor  Geor^eaon  explained. 

It  theee  hill  lands,  rough,  gravelly,  and  rocky,  very  poor  in  quality,  and  now  almost 
destitute  of  grsea  or  grass  roots,  can  be  reclaimed,  it  will  mean  much  more  to  farmers 
and  stockmen  than  the  reclaiming  of  level  and  comparatively  rich  valley  lands  will 
mean  to  them. 

How  well  he  succeeded  in  his  efforts  to  locate  the  grass  and  forage- 
plant  station  on  land  below  the  average  of  the  neighboring  lands  in 
favorable  position,  quality  of  soil,  and  quantity  of  grassand grass  roots 
then  in  sight,  the  significant  remarks  of  visitors  to  the  station  and  the 
further  facts  to  be  hereafter  stated  will  assist  in  determining. 

Ex-Congressman  J.  V.  Cockrell,  of  the  Thirteenth  Congressional 
district  of  Texas,  visited  the  station  in  1899,  and  remarked:  "You 
have  here  about  the  roughest  and  poorest  section  of  land  in  all  this 
part  of  the  country;"  and  it  was  quite  the  expected  and  the  usual  thing 
for  visitors  to  the  station,  in  1898,  to  notice  and  comment  on  the  fact 
that  the  land  was  evidently  not  selected  with  the  view  to  securing  the 
best.  The  valleys  and  uplands,  outside  of  the  hills,  were  of  fair 
aver^fl  quality  as  compared  with  the  other  rough  lands  in  that  part 
of  Taylor  County,  but  the  hills  mentioned  were  exceptionally  rough 
and  the  soil  very  thin.  It  was  in  order  to  take  in  these  hills,  and  also 
some  of  the  richer  small  valleys,  and  a  fair  average  of  the  uplands, 
that  the  640  acres  were  selected  in  the  very  irregular  shape  indicated 
(fig-  !)■ 

FLAN  OF   EXPEBIMENTS. 

Having  secured  the  land,  Professor  Geoi^eson  returned  to  Wash- 
ington, and  Prof.  Jared  G.  Smith,  then  Assistant  Chief  of  the  Division 
of  Agrostology,  took  chaise  of  the  work;  but  in  a  short  time,  his 
services  being  more  essential  elsewhere,  he  was  recalled  to  Washing- 
ton, and  the  writer  was  placed  in  charge  as  special  t^ent,  and  c-ontinued 
in  charge  to  the  latter  part  of  March,  1901,  when,  the  three  years' work 
having  been  completed,  the  station  was  restored  to  Mr.  Merchant. 

The  section  was  divided  by  survey  lines  into  six  portions  of  80  acres 
each,  and  one  of  70  acres,  the  remaining  10  acres  being  set  apart  as  a 
grass  garden  to  be  devoted  to  the  cultivation  of  grasn  and  forage 
plants.  It  was  originally  contemplated  that  all  of  the  division  surveys, 
as  shown  in  the  diagram,  should  be  fenced,  but  in  fact,  those  indicated 
by  the  dotted  lines  were  not.  The  live  pastures  and  garden  fenced 
included  330  acres,  and  the  four  subdivisions  not  divided  by  fences. 
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310  acres.  The  work  of  the  subsequent  three  years,  ss  planned,  was  aa 
follows: 

PaetoreNo.  1  (eOacree):  No  treatment  escepttokeepallatock  off  uatilJune  of  each 
year,  pastoring  the  balance  of  the  eeason. 

Paature  No.  2  ( 60  aciea) :  To  be  cat  with  a  disk  harrow  and  stock  to  be  kept  off 
until  June  1  of  each  year,  pasturing  the  balance  of  the  season. 

PaaturesNos.  3  and 4  (40  acres  each):  To  be  grazed  alternately,  the  stock  to  be 
changed  from  one  pasture  to  the  other  every  two  weeks,  thna  allowing  the  grasses  a 
short  period  for  recovery  after  each  grazing. 

Pasture  No.  5  (60  acres):  No  treatment. except pastorii^ nntil  June  1  and  keeping 
stock  off  the  balance  of  the  season. 

Pasture  No.  6  (60  acres) :  No  treatment,  except  to  keep  stock  off  during  the  first 
season. 

Pasture  No.  7:  To  be  harrowed  with  an  ordinary  etraigbt-toothed  harrow  and 
stock  kept  ofi  during  the  first  season. 

Pasture  No.  8  (60  acres) :  To  be  disked  and  stock  kept  off  during  the  first  season. 

Pasture  No.  9  (70  acres) :  Reserved  for  special  eiperiments,  vii,  to  determine— 

(1)  Whether  or  not  seeds  of  a  number  of  wild  and  cultivated  varieties  of  grasses, 
and  forage  plants  exclusive  of  the  grasses,  could  be  sown  directly  in  the  sod  with 
satisfactory  reeulba. 

(2)  Whether  the  roots  of  certain  aod  and  pasture  gtassea  could  be  transplanted  to 
the  bttre  spots  and  a  good  stand  secured  in  that  way. 

(3)  Whether  the  stand  of  grass  could  be  improved  by  opening  furrows  across  the 
pastures,  in  which  the  gnsB  seeds  blown  over  the  grotind  by  the  winds  could  be 
arrested  and  the  stand  of  grass  be  improved. 

The  results  of  these  several  experiments,  with  the  necessary  details,  will  be  stated 
hereafter. 

CABRTING   CAPACirr  OF   THE   FASTDBE8. 

In  order  to  determine  from  year  to  year  the  extent  of  the  improve- 
ment, if  any,  in  the  range  conditions,  it  was  necessary  to  ascertain  the 
capacity  of  the  section  for  sustaining  stock  at  the  very  start  of  the 
work.  To  that  end,  three  well-known  stockmen  of  central  Texas 
were  invited  to  make  a  full  and  paiostakiDg  inspection  of  practically 
every  part  of  the  section.  They  were  C  W.  Middleton,  J.  W.  Par- 
ramore,  and  W.  J.  Bryan,  all  of  Taylor  County  and  all  old  settlers 
in  that  part  of  the  State,  each  a  large  owner  of  cattle,  and,  there- 
fore, specially  interested  in  the  results  to  be  secured.  That  each 
one  of  them  could  accurately  estimate  the  capacity  of  a  range  to  sus- 
tain stock  no  one  in  the  Southwest,  where  they  are  extensively  known, 
could  for  a  moment  doubt.  It  was  believed,  therefore,  that  an 
expression  of  opinion  by  them  on  the  subject  would  be  accepted  as 
definitely  determining  the  capacity  of  the  particular  section  under 
consideration.  They  made  a  personal  and  minute  inspection  of  every 
acre  of  the  section  on  March  23,  1898,  and  unanimously  reported  that 
its  utmost  capacity  at  that  time  was  the  support  of  mixed  stock  at  the 
rate  of  1  head  to  every  16  acres,  or  iO  head  to  the  section,  in  the  pro- 
portion of  10  cows  with  calves,  15  yearlings,  and  15  two-year-olds. 
Mr.  Middleton,  who  during  several  years  prior  to  1898  had  held  his 
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cattle  in  a  large  pasture  which  at  that  time  included  this  particular 
640-acre  tract,  is  authority  for  the  statement,  made  by  him  to  his  asso- 
ciate inspectors,  that  when  he  first  knew  it,  in  the  seventies,  its  capac- 
ity for  supporting  cattle  was  quite  160  head  of  mixed  cattle  to  the 
section  of  640  acres,  including  the  hills  mentioned.  He  explained  that 
the  large  difference  between  its  present  and  its  former  condition  was 
due  to  the  fact  that,  in  common  with  all  the  other  range  lands  of  the 
section,  it  had  for  years  been  overstocked.  Prior  to  the  date  of  its 
purchase  by  Mr.  Merchant,  only  a  short  time  before  1898,  it  had  first 
been  part  of  the  open  range  in  which  everybody's  cattle  roamed  at 
will,  and  later  had  been  held  under  lease;  and  in  each  case  the  cattle 
roaming  on  it  had  been  permitted  to  graze  it  closely.  This  was  the 
situation,  say,  April  1,  1898,  and  the  problem  to  be  solved  was:  "Is 
it  practicable,  as  the  result  of  carefully  planned,  systematic  work,  to 
take  this  land,  which  once  had  four  times  its  present  capacity  for 
sustaining  stock,  and  restore  it  to  its  original  value  as  a  pasture? " 

SEEDING    THE   GROUND. 

Before  Professor  Smith  left  he  personally  superintended  the  experi- 
mental work  aa  planned  to  he  done  on  pasture  No.  9.  He  had  several 
acres  sowed,  without  disturbing  the  surface,  to  the  seeds  of  quite  a 
variety  of  grasses  and  forage  plants,  including  several  of  the  weeds 
recognized  by  stockmen  as  having  definite  value  as  early  stock  feed. 
He  also  made  an  effort  to  get  a  stand  of  Texas  blue  grass  and  curly 
mesquite  by  transplanting  fragments  of  sod  to  the  bare  spots,  but  on 
account  of  the  dry  weather  that  followed  practically  none  of  the  seed 
sown  germinated,  and  all  of  the  sods  put  in  the  ground  died.  He  also 
had  the  10-acre  garden  tract  broken,  but  necessarily,  it  being  sod 
land,  the  breaking  was  shallow — only  deep  enough  to  turn  under  the 
sod.  On  this  tract  he  sowed  broadcast  seeds  of  many  varieties  of 
grasses  and  several  varieties  of  alfalfa,  and  later  several  varieties  of 
cowpeas  and  velvet  beans. 

A  shower  following  these  sowings,  some  of  the  seeds  germinated, 
but  after  a  brief  effort  to  exist  only  the  alfalfa,  cowpeas,  and  teosinte 
survived  the  distressing  short^e  in  rainfall  that  followed.  The  pre- 
cipitation during  April,  1898,  was  much  below  normal,  being  only 
1.78  inches,  and  the  maximum  temperature  was  92°,  much  above  nor- 
mal. There  were  only  2,60  inches  of  rainfall  during  May,  and  the 
temperature  for  the  month  was  abnormally  great,  the  maximum  being 
101°.  During  June  the  precipitation  was  satisfactory,  being  4.55 
inches,  but  it  came  too  late  to  save  the  garden  work.  In  July  the 
temperature  went  to  102°,  and  the  rainfall  fell  off  to  1.46  inches. 
During  the  next  month  the  weather  continued  favorable,  the  rainfall 
being  1.94  inches,  the  temperature  ranging  between  81'^  and  98°. 
September  promised  more  satisfactory  weather,  but  while  the  rain- 
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fall  was  3.44  inches,  the  heat  continued  excessive,  reaching  as  high 
as  100°.  There  was  but  a  trace  of  rain  during  October,  and  the  mer- 
cury remained  up  in  the  nineties,  and  went  up  to  94*^.  In  November 
less  than  1  inch  of  rtiin  fell,  and  during  the  next  three  months  there 
was  not  enough  to  materially  raise  the  average  for  the  twelve  months, 
the  precipitation  during  December  being  2.14  inches,  only  0.51  inch 
during  January,  1899.  and  only  0.01  inch  during  February  following. 
The  oldest  settlers  of  central  Texas  still  talk  feelingly  of  the  memora- 
ble drought  year  of  1887,  but  it  is  a  fact  that  there  was  even  less  rain- 
fall in  ISS^S  than  in  1887.  Early  in  the  spring  cattle  had  been  placed 
in  the  station  pastures,  and  as  long  as  the  stock  wat«r  lasted  the  plans 
for  handling  them,  as  set  out  above,  were  carefully  followed,  but 
from  time  to  time  the  water  supply  gave  out  between  rains,  and  the 
cattle  bad  to  be  taken  to  other  pastures  in  which  there  were  streams  of 
running  water,  ■  By  the  end  of  November  the  effort  to  hold  them  even 
temporarily  in  any  of  the  station  pastures  was  abandoned. 

When  the  garden  tract  (10  acres)  had  been  planted,  as  stated,  its 
only  fence  was  5  strings  of  barbed  wire.  Soon  after  the  alfalfa,  cow- 
peas,  and  t«osinte  began  to  grow  the  prairie  dogs  and  jack  rabbits 
from  every  point  of  the  station  and  from  the  outside  moved  en  masse 
to  them,  destroyed  nearly  all  the  alfalfa  roots,  and  did  considerable 
damage  to  the  velvet -bean  and  cowpea  vines  and  the  teosinte.  Knough 
seed  of  the  cowpeas  was  saved  for  another  year's  trial.  The  velvet 
beans,  in  spite  of  the  long-protracted  hot  weather  and  the  short  rain- 
fell,  made  a  surprising  vine  growth,  but  they  bloomed  and  the  abun- 
dant crop  of  pods  formed  too  late  to  mature  a  crop  of  beans  before  the 
frosts  of  October,  which  were  much  earlier  than  usual  for  that  section. 
The  teosint«  made  a  vigorous  growth  of  18  to  32  inches,  when  the 
drought  began  and  the  growth  stopped,  the  roots  being  too  far  gone 
to  do  well  when  the  fall  rsins  set  in.  The  roots  survived  the  drought 
and  the  shoots  made  some  growth  until  frost,  but  no  seed  matured. 

As  a  result  of  these  several  garden  experiments  a  report  was  made 
to  the  Agroatologist  under  date  of  November  24, 1898,  in  which  it  was 
suggested  that  with  normal  amount  of  rain  during  the  next  year  it 
would  be  practicable  to  demonstrate:  (1)  That  alfalfa  of  all  kinds  could 
be  grown  successfully  without  irrigation  in  central  Texas;  (2)  that 
teosinte  would  prove  a  splendid  forage  plant  for  the  section — in  fact, 
superior  for  forage  purposes  to  any  of  the  sorghums  as  tested  to  date; 
(3)  that  the  velvet  bean  would  prove  a  crop  of  much  value;  (4)  that  all 
of  the  several  varieties  of  cowpeas,  which  had  been  experimented  with 
to  date,  would  be  shown  to  be  available  crops  for  forage  purposes;  (5) 
that  practically  no  definite  results  had  been  secured  so  far  as  the  grass 
seeds  sown  were  concerned,  only  a  few  of  the  varieties  having  germi- 
nated, none  of  them  having  developed  satisfactorily  on  account  of  the 
drought.  It  was  also  suggested  that  the  work  had  given  sufficient 
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promise  thtit  defiDite,  t£,rtgible  results  on  similar  Hdcs,  of  much  benefit 
to  the  farmers  aad  Btockmen  of  central  Texas,  would  be  secured  as  the 
result  of  furthp.r  experiments.  Id  the  matter  of  the  efforts  to  secure 
range  improvement  as  the  result  of  harrowing  and  disking  three  of  the 
80-acre  pastures,  it  was  suggested  that  they  had  proven  satisfavtoiT 
and  justified  the  belief  that  a  rapid  increase  in  the  quantity  of  grass 
on  the  overstocked  pastures  was  practically  assured. 

This  work  was  done  during  March  and  April,  and  the  rainfall 
during  May  (2.60  inches)  was  satisfactory  to  the  extent  that  notwith- 
standing the  hot  weather  heretofore  mentioned  the  grass  in  the  three 
pastures  was  very  much  better  than  that  in  the  station  pastures  not 
treated  and  in  those  in  the  same  neighborhood  outside  of  the  station. 
In  two  of  the  pastures  a  disk  harrow  was  used  which  every  4  inches 
cut  furrows  from  3  to  6  inches  deep,  as  the  surface  of  the  ground 
was  harder  or  softer,  or  gravelly,  or  free  from  gravel.  In  the  other 
pasture  treated  an  ordinary  iron-tooth  harrow  was  used,  heavily 
weighted  at  times,  the  effect  being  to  scarify  the  surface  as  thoroughly 
as  possible.  There  was  rather  a  heavy  growth  of  mesquite  trees 
growing  in  each  of  the  pastures,  and  it  was  not  possible,  therefore,  to 
cut  into  every  acre  of  the  ground. 

In  this  connection  it  may  be  well  to  explain  that  the  theory  on  which 
this  work  of  harrowing  was  done  was:  (1)  That  by  cutting  into  the 
ground  by  disk  or  harrow  teeth  the  grass  roots  would  not  necessarily 
be  injured,  but  on  the  other  hand  would  be  given  a  bett«r  chance  for 
development  through  the  looser  ground  below  the  surface;  (2)  the 
surface  runners  from  the  grasses  would  be  given  softer  ground  in 
which  to  take  root  readily;  (3)  the  storm  waters  would  be  saved 
instead  of  being  allowed  to  run  off  into  the  lower  places,  and  thence 
into  the  creek  beds  and  rivers,  and  the  rain  would  go  into  the  ground 
where  it  fell  and  directly  to  the  grass  i-oots;  (4)  seed  beds  would  I)e 
made  in  which  the  grass  seeds,  as  they  fell  to  the  ground,  or  were 
blown  over  the  bard  ground  elsewhere  bj'  the  winds,  would  be  arrested 
and  find  suitable  places  in  which  to  germinate. 

Notwithstanding  the  drought  of  1898.  there  was  a  vei-y  marked 
improvement  in  the  conditions  of  the  several  pastures  treated.  During 
the  latter  part  of  March,  1899,  just  one  year  from  the  first  inspection 
above  mentioned,  Messrs,  Middleton,  Parramore,  and  Bryan  made  a 
second  inspection  of  the  station  and  unanimously  reported  that  the  con- 
ditions during  the  year  had  improved  so  that  the  section  of  640  acres, 
taken  as  a  whole,  had  in  March,  1899,  a  capacity  to  support  mixed  cattle 
at  the  rate  of  1  head  to  every  10  acres,  or  64  head  to  the  section.  Dur- 
ing the  next  month  Messrs.  Middleton  and  Bryan  made  another  visit 
to  the  station,  again  carefully  inspected  the  pastures,  and  reported  that 
the  capacity  of  the  section  for  mixed  cattle  was  then  at  the  rate  of  1 
head  to  every  8  acres,  or  80  bead  to  the  section.     This  was  after  the 
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spring  rains  bad  begun  to  fall  and  the  grass  wa.t  making  growth.  The 
gains  as  reported  by  the  committee  were  phenomenal,  considering  the 
fact  of  the  drought  of  1898,  being  100  per  cent  in  a  single  year,  and, 
bad  the  station  pastures  been  stocked  during  the  year  to  their  capacity, 
as  recommended  by  the  committee  in  March,  1898,  it  would  have  been 
fair  to  take  the  result  aa  demonstrating  the  correctness  of  the  theories 
underlying  the  methods  adopted  to  improve  the  mnge.  But  on 
account  of  the  droughts  the  pastures  were  not  stocked  nearly  as  heav- 
ily as  had  been  recommended  during  a  considerable  part  of  the  year, 
and  it  was  still  an  open  question  whether  the  improved  condition  of 
the  station  pastures,  especially  those  which  were  harrowed  and  disked, 
was  not  quite  as  much  due  to  the  fact  that  they  had  been  rested  at  the 
season  when  the  grass  seeds  were  maturing  and  dropping  as  to  the 
fact  that  the  surface  had  been  treated. 

CONCLUSIONS  FROM  THE   PIB8T  YEAB'S  WOBK. 

At  the  end  of  the  first  year's  station  work  the  facts  as  above  set  out 
were  reported  to  the  Agrostologist,  and  the  conclusions  as  submitted 
were; 

(1)  Tnat  it  will  pay  farmers  and  stockmen  of  Texas,  especially  in 
the  semiarid  regions  of  the  State,  to  cultivate  their  pastures  by  use 
of  disk  and  iron-tooth  harrows. 

(2)  That  it  will  pay  them  to  rest  their  pastures  periodically  during 
the  seasons  when  the  grass  seeds  are  maturing  and  falling  to  the 
ground. 

It  was  believed  then  that  the  results  of  the  station  work  to  that  time, 
under  the  conditions  set  out,  clearly  demonstrated  the  correctness  of 
these  conclusions,  and  later  results  have  confirmed  them. 


HISTORT  OF  THE  8SC0NZ)  TZAB'S  WOBS. 

EXPERIMENTS  WITH  VARIETIES. 

The  conditions  under  which  the  work  was  continued  into  the  second 
year  were  very  difficult.  In  the  first  place  the  continuous  extreme 
cold  during  the  months  of  January  and  February  was  very  unfavor- 
able for  experimental  work.  During  January  the  thennometer  fre- 
quently indicated  several  degrees  below  freezing  point,  and  during 
February  there  were  but  eight^days  when  the  teinperatui-e  was  alwve 
32*^.  The  month  of  January  was  dry,  even  for  that  section,  the  total 
•  precipitation  being  only  0.51  inch.  During  February  it  was  but  0,01 
inch — practically  nothing — and  only  0.04  inch  during  March.  During 
the  autumn  of  1898  the  10-acre  garden  tract  had  been  plowed  deep 
with  a  turning  plow,  the  purpose  being  to  expose  the  earth  to  the 
freezes  to  follow  and  to  save  every  drop  of  rain  that  might  fall  there. 
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Notwithstanding  the  dry  weather  of  January  and  February  and  to 
March  15,  this  ground  was  in  fair  condition  to  receive  seeds  at  the  last- 
mentioned  date.  It  contained  but  little  moisture,  but  on  account  of 
the  freezes  during  January  and  February  it  was  easily  pulverized.  In 
anticipation  of  rain,  planting  of  grass  and  forage  plant  seeds  was  begun 
March  15  and  continued  until  May  4.  During  April  the  rainfall 
was  about  normal  for  the  season,  namely,  2.96  inches,  but  on  account 
of  the  dry  weather  and  the  cold  condition  of  the  ground  during 
March  many  of  the  seeds  planted  that  month  did  not  germinate. 
Those  that  did  germinate,  however,  grew  rapidly,  and  as  the  rainfall 
during  May  and  June  was  all  that  could  reasonably  have  been  desired, 
everything  in  the  garden,  including  the  weeds,  grew  very  rapidly. 
The  garden  had  been  laid  off  in  plots  20  feet  square,  separated  into 
subdivisions,  according  to  the.  quantities  of  seeds  on  hand.  As  a  rule 
the  seeds  were  sown  broadcast,  hence  it  was  impracticable  to  use  plows 
in  fighting  the  weeds,  and  in  the  effort  to  get  rid  of  them  by  band 
weeding  much  dam^e  was  necessarily  done,  some  plants  being  tram- 
pled and  many  others  pulled  up  with  the  weeds.  AH  these  difficulties 
were  exceedingly  discouraging,  but  they  suggested  methods  that  later 
wej-e  adopted  with  eminently  satisfactory  results. 

During  July  the  temperature  rose  to  102°,  and  the  rainfall  fell  off 
from  5.45  inches  in  June  to  1,38  inches.  Hot  winds  blew  nearly  every 
day  during  the  month,  and  by  the  1st  of  August  the  garden  plants, 
which  up  to  about  the  end  of  June  had  been  full  of  sap,  presented  the 
appearance  of  having  been  scalded,  where  they  were  not  actually  dead. 
During  August  there  was  but  one  rain,  and  that  only  0.10  inch,  on 
the  16th,  and  during  September  there  was  but  0.44  inch,  on  the  7tb. 
From  that  time  to  October  16  there  was  practically  no  precipitation, 
and  then  it  wa?only  0.01  inch,  and  from  the  16th  to  the  26th  the  condi 
tions  were  about  as  unfavorable  as  could  be  imagined.  Kevertheless, 
many  of  the  garden  plants  to  be  hereafter  specially  mentioned  sur- 
vived, and  when  the  drought  of  1898,  scarcely  less  severe  than  that  of 
1887,  was  broken  on  the  2()th  of  October,  it  was  surprising  how  many 
of  them  were,  in  fact,  still  looking  vigorous.  On  that  date  there  was 
a  rainfall  of  2.89  inches,  and  at  once  the  several  varieties  of  alfalfa, 
sulla,  sanfoin,  and  vetches  began  to  green  out,  and  between  then  and 
the  early  frosts  of  November  each  made  an  astonishing  growth. 

No  attempt  will  be  made  here  to  give  the  details  of  the  very  many 
grass-garden  experiments  conceived  and  worked  out  with  much  care. 
That  many  of  them  demonstrated  the  impracticability  of  the  methods 
adopted  were  not  surprising;  but,  as  emphasizing  the  necessity  for 
trying  others,  these  failures  have  special  value. 

Perhaps  it  may  be  well  to  mention  the  fact  that  part  of  the  10-acre 
grass  garden  was  too  rocky  for  cultivation  at  all,  a  part  was  too 
gravelly  to  be  satisfactorily  cultivated,  and  all  of  it  was  thin  and  dry. 
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The  lower  levela  were  drained  of  moisture  by  the  bed  of  a  smati  stream 
which  ran  through  the  east  side  of  the  garden  and  which  only  at  times, 
after  hard  rains,  held  water.  The  soil  extending  from  these  levels 
was  dry  as  well  as  thin.  It  was  quite  the  usual  thing  for  visitora  to 
the  station  to  notice  and  comment  on  the  fact  that  a  more  unpromis- 
ing spot  for  garden  purposes  could  hardly  have  been  selected,  and  this 
was  in  fact  true;  but  they  did  not  always  note  that  this  particular 
10-acre  tract  was  about  as  rich  as  the  other  630  acres  of  the  section, 
nor  did  they  consider  the  very  important  fact  that  a  line  of  successful 
experiments,  secured  under  the  most  favorable  conditions,  would 
possess  but  small  value  in  the  estimation  of  the  average  farmer  and 
stocknmn  of  central  Texas.  As  above  stated,  the  section  as  a  whole 
was  selected  because  it  was  not  a  rich  body  of  land,  as  w  ell  as  for  the 
reason  that  as  a  cattle  range  it  bad  been  badly  overstocked  and 
generally  abused;  and  the  10  acres  included  in  the  grass  garden  had 
been  selected  for  the  very  reason  that  condemned  it  in  the  estimation 
of  visitors  generally,  namely,  because  the  soil  was  thin  and  dry  and 
otherwise  below  the  average  of  the  garden  land  throughout  central 
Texas. 

It  is  well  in  this  connection  to  suggest  to  farmers  and  stockmen  who 
are  interested  in  such  work  as  was  done  in  the  station  garden  that  if 
under  the  unfavorable  conditions  through  which  that  work  was  pixrae- 
cuted  even  a  fair  success  baa  been  secured,  they  should  fee!  encouraged 
to  experiment  themselves  on  similar  lines,  having  richer  soils  to  depend 
on  in  the  first  place,  and  better  seasons,  as  a  rule,  to  look  forward  to. 
The  normal  average  rainfall  throughout  the  central  Texas  country 
being  about  30  inches,  it  is  prudent  to  figure  on  that  much  in  making 
calculations  for  further  experimental  work. 

During  the  first  two  years'  work  near  Abilene  the  average  precipi- 
tation was  less  than  20  inches  during  the  first  and  less  than  26  inches 
during  the  second — only  45.29  inches  during  the  twenty-four  months, 
when  60  inches  might  reasonably  have  been  expected — a  shortage  of 
14.71  inches.  Nevertheless,  as  the  following  record  will  demonstrate, 
the  grass-garden  experiments  were  not  barren  of  encouraging  results. 

True,  of  the  several  varieties  of  grasses  tested  most  turned  out  poorly, 
but  quite  a  number  were  found  to  be  well  suited  to  the  semiarid  regions. 
The  greatest  successes  were  secured  with  the  native  grasses,  and  farmers 
and  stockmen  of  the  section  are  earnestly  recommended  to  give  special 
attention  to  such  grasses  as  side-oats  grama,  blue  grama,  black  grama, 
rescue  grass,  buffalo  grass,  grapevine  mesquite,  and  Canadian  rye  grass. 
Many  others  might  be  mentioned  as  being  eaj^ily  grown  from  the  seed, 
but  as  the  result  of  the  second  years'  station  work  those  enumerated 
gave  the  best  results. 

It  is  not  necessary  to  tell  central  Texas  stockmen  and  farmers  that 
curly  mesquite.  needle  grass,  knot  grass,  everlasting  grass,  and  feather 
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blue  stem  are  valuable  and  worthy  of  their  best  attentioa.  They  are 
all  Datives  and  old-time  friends,  and  their  values  are  too  well  known 
to  need  special  mention.  There  are  many  others  of  equal  or  almost 
as  great  value  with  which  they  are  not  familiar,  and  they  will  do  well 
to  look  into  their  histories  and  study  their  characteristics.  Of  the 
more  than  one  hundred  varieties  of  grasses  and  forage  plants  tested  in 
the  grass  garden  during  the  season  of  1899-1900,  each  one  here  men- 
tioned was  demonstrated  to  have  special  value.  Of  the  millets  tested 
the  Japanese  barnyard  and  Shama  gave  special  satisfaction,  while  the 
pearl,  broom-corn,  and  German  millets  did  very  well.  Of  the  for&ge 
plants  not  grasses  tested  the  best  results  were  secured  with  the 
annual  saltbush  from  Australia,  thi-ee  varieties  of  alfalfa  (the  common 
lucem,  Turkestan,  and  Oasis),  two  varieties  of  the  vetches  (spring 
vetch  and  Iiairy  vetch),  sulla,  sanfoin,  several  varieties  of  cowpeas  and 
soy  beans,  velvet  bean,  teosinte,  and  many  varieties  of  sorghum. 
Of  the  experiments  made  that  season  with  several  of  the  clovers  none 
turned  out  satisfactorily. 

During  the  third  year  of  station  work  each  of  the  grasses  and  forage 
plants  tested  during  the  other  two  years  was  again  tested,  with  many 
others,  and  in  the  statement  of  general  results  (p.  37)  will  be  found  a 
list,  with  the  most  important  characteristics  of  each  species  tested  and 
demonstrated  to  be  of  value  during  the  three  years. 

RANGE    IMPROVEMENT. 

It  was  not  until  April  10  that  the  ground  in  the  pastures  was  in  fair 
condition  for  harrowing.  On  that  date  harrowing  was  begun,  and  was 
continued,  with  some  interruptions,  until  completed.  During  May, 
June,  and  July  the  growth  of  the  grass  was  thoroughly  satisfactory 
in  the  pastures  treated  with  the  disk  and  iron-tooth  harrows,  and  the 
cattle  that  were  kept  on  it  in  the  proportions  recommended  by  the 
inspectors  were  fat,  sleek,  and  healthy.  It  was  never  possible  during 
the  three  years  that  the  station  work  was  continued  to  carry  out  very 
strictly  the  definite  plans  for  treating  the  station  pastures  as  origi- 
nally laid  down,  but  during  the  twelve  months  from  April,  1899,  to 
and  including  March  31,  1900,  they  were  substantially  met.  Without 
going  into  exact  details  on  the  subject,  it  may  he  stated  that,  taking 
the  year  as  a  whole,  the  average  number  of  cattle  as  recommended 
was  kept  in  the  pastures.  If,  on  account  of  scarcity  of  stock  water, 
the  number  had  to  be  temporarily  reduc<>d,  the  average  was  well  made 
up  later  when  it  was  deemed  prudent  to  do  so. 

In  a  general  way  it  may  be  stated  that  during  the  period  mentioned 
there  were  held  on  the  station  pastures  an  average  of  80  head  of  mixed 
cattle  in  the  proportion  of  1  animal  to  every  8  acres;  and  the  further 
fact  is  here  suggested  that  at  no  time  during  the  year  did  any  of  the 
pastures  indicate  that  they  were  overstocked,  but,  on  the  other  hand, 
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it  was  frequently  remarked  by  visitors  to  the  station  that  even  more 
than  80  head  of  stock  could  with  safety  be  held  on  them. 

At  the  end  of  the  second  twelve  months'  work,  in  March,  1900,  the 
same  three  stockineo  who  bad  inspected  the  station  pastures  in  1898 
and  1S99  were  again  invited  to  make  a  close  examination  of  them 
with  the  view  to  determine  their  capacity  for  sustaining  cattle  aa 
compared  with  that  of  former  years.  Col.  J.  W.  Parramore  was  not 
able  to  visit  the  station  in  company  with  Messrs.  Middleton  and 
Bryan,  but  about  two  weeks  later  he  went  over  practically  every  acre 
of  the  section,  and  was  impressed  with  the  value  of  the  treatment  the 
pastures  had  received  to  the  extent  that  he  announced  his  intention  of 
adopting  similar  methods  in  the  handling  of  his  own  extensive  hold- 
ings. Messrs.  Middleton  and  Bryan  also  made  very  full  and  careful 
examinations  of  the  station  pastures,  and  agreed  In  the  main  in  their 
conclusions  that  the  harrowing  and  disking  treatment  had  greatly 
improved  the  areas,  though  they  did  not  quite  agree  in  their  estimates 
of  the  percentage  of  gain  secured  since  their  last  inspection,  in  March, 
1899.  Mr.  Middleton  thought  the  gain  bad  been  fully  50  per  cent  in 
the  twelve  months,  but  Mr.  Bryan  thought  from  30  to  35  per  cent  a 
more  conservative,  hence  a  safer,  estimate. 

CATCHING   WIBD-BLOWK   SEEDS. 

During  this  period  an  experiment  was  made  that  deserves  more  than 
passing  notice.  It  is  a  fact  well  known  to  and  recognized  by  cen- 
tral Texas  stockmen  that  every  year  a  lai^  proportion  of  the  grass 
seeds  are  lost  to  the  ground  on  which  they  are  grown  and  matured  by 
reason  of  the  fact  that  they  are  carried  onto  other  lands  by  the  strong 
winds  that  blow  steadily  during  the  summer  months.  The  prevailing 
direction  of  these  winds  is  from  south  to  north.  In  order  to  save  the 
seeds  maturing  on  the  station  pastures,  it  was  thought  that  perhaps  if 
furrows  were  plowed  across  them  about  every  12  feet,  sav  from  east 
to  west,  this  much-desired  result  might  be  secured.  The  idea  was  (1) 
that  the  seeds,  if  blown  at  all  by  the  winds,  would  be  caught  in  these 
furrows,  and  (2)  that  the  storm  waters  that  would  fall  in  the  pastures 
would  be  caught  in  the  furrows,  and  instead  of  being  allowed  to  waste 
by  running  into  the  creeks  and  bottoms  would  go  to  the  roots  of  the 
young  grass. 

In  May,  1899,  this  work  was  done,  covering  10  acres  of  subdivision 
No.  9,  next  to  the  grasa  garden.  By  the  end  of  June  excellent  results 
were  plainly  in  evidence,  as  anticipated.  The  furrows  had  caught  a 
great  many  seeds,  which  had  gotten  the  benelit  of  surface  irrigation 
incident  to  rain,  also  caught  in  the  furrows.  These  seeds  had  quickly 
germinated  and  were  growing  vigorously,  and  all  the  grasses  next  to 
such  furrows  were  greener  and  more  vigorous  than  those  farther  away. 
The  difference  noted  was  so  pronounced  that  in  approaching  that  part 
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of  the  station  section  the  course  of  the  furrows  could  be  easily  traced 
by  the  eye  quite  half  a  mile  away. 

TBAK8PLANTING   GEASS  BOOTa 

Dnring  the  first  two  yeai-s  of  the  station  work  every  part  of  the 
section  was  overrun  by  prairie  dogs,  which  were  not  gotten  rid  of  until 
the  next  year.  There  were  thousands  of  these  pests  on  the  640  acres 
of  the  station  land.  One  condition  largely  due  to  them  was  that  there 
were  considerable  areas  over  the  section  practically  bare  of  all  vege- 
tation. It  was  believed  that  such  spots  could  be  covered  by  planting 
in  tbem  seeds  of  several  selected  native  turf-grasses,  viz,  curly  mes- 
quite,  needle  graas,  cotton-top,  wild  timothy,  black,  blue,  and  side- 
oats  grama,  Canadian  rye  grass  (wild  rye),  and  everlasting  grass.  The 
seeds  were  planted  just  before  rains,  and  in  every  instance  they  grew 
well  and  contributed  in  a  very-  substantial  way  to  the  improvement  of 
the  range.  Those  mentioned  are  but  a  few  of  the  many  pasture 
grasses  (all  natives  of  central  Texas  and  to  be  found  in  practically 
eveiy  one  of  it«  counties)  which  may  be  used  to  excellent  advantage 
in  that  way,  and  it  is  recommended  that  farmers  and  stockmen  make 
similar  experiments  with  the  view  to  the  improvement  of  their 
pastures. 

BALING  IjEOUMES   AND   FODDEB  PLANTS. 

In  all  the  semiarid  regions  of  the  United  States,  including  central 
Texas,  it  is  practically  possible  to  grow  every  year  satisfactory  crops 
of  several  varieties  of  sorghum.  There  is  little  reason,  therefore,  for 
stockmen  and  farmers  throughout  those  regions  not  making  ample 
provision  for  feeding  their  live  stock,  even  during  the  drought  years, 
when  their  grass  pastures  fall  short  or  fail  entirely.  It  is  a  well-known 
fact,  however,  that  the  methods  of  curing  and  preserving  sorghum 
bay  have  not  heretofore  proven  entirelj'  satisfactory.  Silos  have  not 
been  found  sufficiently  cheap  to  commend  themselves,  and  of  the  stock- 
men who  have  tried  them  but  few  have  secured  good  results.  Shock- 
ing and  ricking  the  fodder  has  not  been  at  all  satisfactory,  for  the 
reason  that  the  juices  have  dried  up,  leaving  the  stalks  dry  and  harsh 
and  the  fodder  light  and  with  little  food  value,  while  outside  of  the 
drier  sections  it  has  been  found  impraeticable  to  save  such  hay  at  all, 
for  the  reason  that  in  sweating,  inevitable  as  a  part  of  the  curing  pro- 
cess, the  hay  molds  and  becomes  rotten  and  worthless.  In  the  latter 
instance  the  trouble  is  due  to  too  much  moisture;  in  the  former  to 
the  fact  that  the  air  is  not  moist  enough. 

It  was  believed  that  the  sorghums,  and  many  of  the  other  succulent 
forage  plants  outside  of  the  grasses,  might  be  successfully  baled,  and 
in  that  way  preserved,  with  their  natural  jucies,  for  food  purposes. 
Notwithstanding  the  drought,  vigorous  growths  of  several  varieties  of 
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forage  plants  were  secured,  as  of  the  cowpeas,  velvet  beans,  teosinte, 
sorghums,  aod  alfalfas.  It  was  determined  to  experiment  with  them 
and  also  with  pearl  millet  and  the  common  peanut  vines  with  the  view 
to  ascertaining  whether  they  could  be  baled  and  in  that  waj'  preserved  in 
good  condition  for  feeding  purposes.  When  the  cowpeas  were  nearly 
in  full  bloom,  and  before  they  began  to  turn  yellow,  the  vines  were 
cut  and  cai-efuUy  cured  as  for  hay.  Velvet-bean  vines,  with  pods  on 
them,  but  in  a  very  immature  state,  were  also  cut,  cured,  and  stacked. 
Some  of  the  smaller  teosinte  stalks,  which  had  survived  the  drought, 
were  also  cut,  cured,  and  placed  in  shocks.  Several  varieties  of  sor- 
ghums were  cut  and  cured  when  the  stalks  were  tender  and  the 
heads  in  the  "  dough  "  state,  and  bundles  of  alfalfa  and  pearl  millet 
were  also  prepared  for  baling.  During  the  season  all  of  these  stuffs 
were  baled  and  the  bales  packed  away  under  a  shed  to  await  develop- 
ments. After  several  months  a  bale  of  each  of  the  stuffs  was  opened 
and  examined,  and  in  every  case  the  hay  was  found  to  be  as  sweet  as 
when  first  baled. 

It  is  reconmiended  that  the  stockmen  and  farmers  of  central  Texas 
and  of  the  Southwest  generally  test  the  value  of  this  method  of  pre- 
serving the  coarser  forage  grown  on  their  own  ranches  and  farms. 

EXHIBrrS  AT  FAIBS. 

In  the  autumn  of  1899  a  collection  of  bale!)  of  hay  grown  on  the  sta- 
tion, including  some  of  the  baled  for^e  plants  a'..ove  mentioned,  was 
sent  to  the  Division  of  Agrostology,  Washington,  D.  C.  where  they 
were  included  in  the  general  exhibit  sent  by  the  Department  of  Agri- 
culture to  the  Paris  Exposition  of  1900.  The  Agrostologist  stated 
that  they  made  a  very  interesting  and  valuable  part  of  the  Govern- 
ment exhibit.  Duplicates  of  the  collection,  with  the  addition  of  a  few 
bales  of  grasses  grown  in  the  Abilene  country,  but  not  on  the  station 
grounds,  were  made  up  into  an  exhibit  and  turned  over  to  the  man- 
agers of  the  district  fair  held  in  Abilene  in  October,  1900.  The  dis- 
play attracted  much  favorable  attention  from  the  lai^e  number  of 
stockmen  and  farmers  present,  many  of  whom  were  led  to  take  an 
interest  in  the  later  station  work. 

SUHMART. 

At  the  end  of  the  second  year's  station  work  the  foregoing  facts 
were  reported  to  the  Agrostologist  with  a  general  estimate  as  to  the 
results  secured.  In  the  report  it  was  asserted  that  notwithstanding  the 
adverse  conditions  under  which  they  had  been  conducted,  many  of  the 
experiments  made  during  the  year  had  yielded  results  of  substantial 
value,  'they  had  demonstrated  the  availability  of  the  alfalfas,  sulla, 
saofoin,  the  vetches,  several  varieties  of  cowpeas,  velvet  bean,  soy 
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bean,  teosinte,  and  several  varieties  of  sorghum  for  annual  or  tempo- 
rary pastures  and  for  hay  purposes.  They  had  shown  the  possibility 
of  utilizing  to  good  advantage,  for  permanent  pasture  purposes,  the 
seeds  of  such  grasses  as  the  gramas,  mesquites,  wild  timothy,  cotton 
top,  Canadian  rye,  and  everlasting  grass.  They  had  definitely  proven 
that  range  improvement  could  be  secured  by  judiciously  resting  the 
pastures,  by  cultivating  the  sod,  and  by  sowing  the  seeds  of  hardy 
native  and  improved  grasses.  These  and  the  other  results  secured  had 
satisfied  many  stockmen  and  farmers  that,  at  comparatively  small 
expense,  they  could  greatly  improve  their  ranges,  and  that  by  the  culti- 
vation of  many  excellent  gi-asses  and  forage  plants,  up  to  that  time 
known  to  them  only  through  their  books  and  papers,  they  could  add 
very  much  to  the  productive  capacity  of  their  ranches  and  farm 
pastures. 

HIBTOBT  OF  TBS  THIBB  TSAB'B  WORK. 

WEATHER   CONDITIONS, 

From  April  1,  1900,  to  and  including  the  month  of  March,  1901, 
when  the  station  work  was  concluded,  the  conditions  in  the  main  were 
satisfactory,  as  were  the  results  secured.  Notwithstanding  the  diffi- 
culties experienced  during  the  former  two  years,  enough  had  been 
accomplished  to  give  substantial  results  during  the  next  twelve  months. 

As  stated  above,  many  of  the  experiments  made  to  date  had  proven 
failures,  but  they  had  suggested  and  opened  up  the  way  for  the  adop- 
tion of  better  methods.  Of  the  other  experiments  some  bad  been  in 
part  successful,  while  still  others  had  pi-oven  entirely  satisfactory. 
With  two  years'  experience,  and  the  record  well  in  hand  as  the  basis  for 
future  work,  that  work  was  begun  under  very  encoui-agiog  conditions. 

The  seasons  throughout  the  twelve  months,  while  not  all  that  could 
have  been  desired,  were  good  and  in  striking  contrast  to  those  of  the 
preceding  twenty-four  months. 

During  April  there  was  abundant  precipitation^5.43  inches — which 
put  the  grass-garden  land  in  excellent  condition  to  receive  seeds  and 
the  pasture  lands  in  like  condition  to  be  cultivated  and  otherwise 
handled.  During  May  the  rainfall  was  4.11  inches,  which  was  very 
favorable  to  the  growth  of  the  garden  stuffsand  pasture  gi-asses.  The 
temperature  during  these  two  months  was  normal,  hence  satisfactory. 
By  June  1  a  large  number  and  variety  of  seeds  had  been  sown  in  the 
grass  garden,  and  good  stands  of  practically  everything  planted  had 
been  secured.  The  pastures  selected  for  special  treatment,  as  set  out 
in  the  original  plans,  had  been  disked,  and,  owing  to  the  abundant 
rains  and  the  favorable  temperature  that  followed,  the  grasses  in  them 
were  developing  rapidly;  and  the  grasses  in  the  other  pastures  were 
green  and  vigorous  to  such  extent  that  it  was  considered  safe  to  hold 
on  the  entire  640  acres  of  pasture  land  not  less  than  85  head  of  mixed 
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cattle.  During;  Juoe  the  rainfall  was  only  0.30  inch  and  the  tempera- 
ture was  at  times  extremely  trying,  ranging  from  as  low  as  63°  to  as 
high  as  105^,  but  nothing  suffered  very  materially.  During  July  and 
August  the  rainfall  averaged  about  normal,  being,  respectively,  2. 59  and 
2.11  inches,  while  the  temperature  ranged  from  65*^  to  96°  during  the 
former  and  from  64°  to  100^  during  the  latter  month.  In  September 
the  precipitation  was  much  above  normal,  and  was  9.6  inches  during 
October.  Throughout  these  two  months  the  temperature  continued 
satisfactory  for  the  work  in  hand.  During  the  next  three  months 
there  was  a  decided  falling  off  in  the  rainfall,  which  was  but  0.30  inch 
in  December,  and  but  0.03  in  January.  This  shortage,  however,  which 
would  have  resulted  in  much  damage  to  ever}- kind  of  vegetable  growth 
had  it  comeduring  the  normal  hot  weather  of  June,  July,  and  August, 
did  not  seriously  interfere  with  the  grass-garden  stuffs  nor  with  the 
pasture  grasses.  Hence  it  was  that  in  February,  1900,  it  was  manifest 
that  the  year's  work  had  been  successful  to  tbat  date,  and  promised 
to  prove  entirely  satisfactory  for  the  full  twelve  months,  and  so  it 
turned  out. 

The  weather  during  February  was  good,  the  rainfall  being  1.44 
inches,  and  the  temperature  averaging  43-,  there  being  but  a  few  days 
in  which  there  was  any  freezing  weather.  In  March  the  precipita- 
tion was  0.72  inch,  and  the  temperature  all  that  could  reasonably  be 
desired,  its  range  being  from  23°  to  88°,  the  mean  being  56® — strictly 
normal.  The  precipitation  during  the  twelve  months  was  31.31 
inches — something  at>ove  the  normal. 

In  view  of  these  facts  only  good  results  were  to  have  been  expected, 
and  this  expectation  was  realized,  as  will  be  shown. 

In  this  connection  it  may  be  well  to  state  that  the  above  details  as 
to  the  weather  during  the  twelve  months  are  here  given  for  the  rea- 
sons (!)  that  those  interested  in  farming  and  stock  raising  in  central 
Texas  may  be  advised  as  to  what  are  normal  weather  conditions  in  the 
section;  (2)  that  their  special  attention  may  be  called  to  a  general  fact, 
namely,  that  two  comparatively  unfavorable  seasons  are  very  likely 
to  be  followed  by  one  at  least  that  is  specially  favorable;  (3)  that 
although  the  section  has  been  in  the  past,  and  in  the  future  is  likely 
to  be,  afflicted  periodically  with  droughts,  extending  over  considerable 
periods  of  time,  it  is  not  impracticable  during  such  periods  to  work 
out  good  results  on  the  lines  attempted  on  the  grass  and  forage  plant 
station  near  Abilene,  Tex.  Taking  an  average  period  of  three  years, 
it  is  practically  certain  that  excellent  results  can  be  depended  on  if 
correct  methods,  based  on  correct  ideas,  are  pursued.  The  farmer 
and  stockman  who  is  prepared  to  give  up  his  experimental  work 
because  of  a  few  or  several  failures,  during  unfavorable  seasons,  had 
better  not  go  into  experimental  work  at  all,  as  he  is  certain  to  expe- 
rience them.    He  who  is  prepared,  on  the  other  hand,  to  expect  such 
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failures,  under  such  cooditions,  but  has  the  courage  to  push  on  in  his 
experimental  work,  whether  successful  or  not,  through  an  arer^^e 
period  of  three  years,  is  almost  certain  to  secure  results  that  will 
abundantly  repay  him  for  his  expenditure  of  time,  labor,  money,  and 
patience. 

It  would  be  difficult  to  imagine  more  unfavorable  conditions  than 
those  which  existed  for  such  work  as  was  prosecuted  on  the  Govern- 
ment  station  near  Abilene  during  the  first  two  years,  but  by  persist- 
ence, and  taking  advant^fe  of  the  lessons  forced  on  those  engaged  in 
it,  final  results  were  secured  which  amply  compensated  for  all  the 
trials  and  tribulations  experienced.  The  central  Texas  stockman  and 
farmer  who  will  lay  out  for  himself  a  three  years'  plan  for  experi- 
mental work  with  a  view  to  range  improvement,  and  will  persevere 
through  any  three  years,  will  succeed, 

OKASS-OARDEN  WORK. 

One  of  the  lessons  learned  from  the  former  year's  work  ■was  that  for 
experimental  purposes  it  was  not  best  to  sow  any  seeds  broadcast,  but 
in  drills  with  space  sufficient  between  the  drills  to  admit  of  cultivating. 
Hence  it  was  that  when  the  season  for  the  third  year's  work  came 
on  this  plan  was  adopted  and  carried  out  to  the  entire  satisfaction  of 
all  parties  interested.  As  in  the  autumn  of  1899  the  garden  ground 
(except  where  certain  perennials,  such  as  the  alfalfas,  sulta,  sanfoin, 
and  the  vetches,  which,  having  been  originally  sown  in  plots,  were 
not  to  be  disturbed)  bad  been  broken  as  deeply  as  practicable  in  the 
fall  of  1900.  in  order  to  catch  and  hold  the  fall  and  winter  rains  and  get 
the  full  benefit  of  the  winter  frosts.  It  may  not  be  out  of  place  in  this 
connection  to  state  that  as  a  result  of  this  treatment,  when  the  time 
arrived  to  begin  the  spring  planting,  the  ground  was  in  excellent  cod* 
dition  to  receive  seeds. 

A    FAILURE   NOTED. 

Daring  the  month  of  January,  1901,  a  line  of  experiments  was  tried 
that  promised  good  results,  but  turned  out,  in  a  sense,  disappointing. 
It  had  been  noted  that  the  alfalfas  and  clovers,  especially  the  latter, 
sown  during  the  spring  months  in  the  former  years  had  suffered  very 
much  during  the  hot  weather  of  May  and  June  and  through  July,  and 
August.  It  was  thought  that  if  these  seeds  were  sown  at  the  same 
time  and  together  with  such  grains  as  wheat  and  rye  the  young  plants 
would  be  protected  from  the  hot  sun  by  the  higher  stalks  of  the  latter. 
Carrying  out  this  idea,  83  rows  of  several  varieties  of  rj'e,  barley,  and 
winter  wheat,  each  mixed  with  seeds  of  one  of  the  alfalfas  or  dovers, 
were  planted.  For  instance,  red-clover  seeds  were  mixed  with  sev- 
eral varieties  of  wheat,  rye,  or  barley ;  and  in  like  manner  other  clover 
and  alfalfa  seeds.  This  work  was  begun  January  4  and  was  continued 
up  to  and  including  January  31.     In  nearly  every  case  a  fair  stand  of 
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grain  was  secured,  but  in  a  lai^e  proportion  of  the  caaes  the  stands  of 
clover  and  alfalfa  were  unsatisfactoiy,  which  was  perhaps  due  in  the 
main  to  the  fact  that,  in  order  to  put  the  grain  seeds  deep  enough  in 
the  ground,  the  smaller  seeds  were  buried  entirely  too  deep.  How- 
ever, in  practically  all  the  rows  planted  some  of  the  smaller  seeds 
germinated,  but  in  not  a  single  case  did  the  plants  grow  vigorously. 
By  June  1  in  spots  only  was  it  noticeable  that  any  of  the  clover  or 
alfalfa  plants  were  alive,  while  the  rye,  barley,  and  wheat  grew  and 
developed  well.  Later,  during  February,  and  as  late  as  during  the 
early  days  of  March,  alfalfa  and  clover  seeds,  mixed  with  several 
varieties  of  spring  wheat  and  oats,  were  sown,  but,  as  in  the  other 
instances  mentioned,  only  indifferent  stands  of  the  alfalfas  and  clovers 
were  secured,  and,  while  the  uniformly  excellent  stands  of  oats  ^ew 
and  matured  well,  in  no  instance  did  the  others  do  so. 

These  experiments,  while  they  may  be  regarded  as  sug^^tlve,  are 
not  to  be  taken  as  conclusive  against  the  idea  of  mixing  the  smaller 
seeds  with  the  larger,  but  they  justify  a  substantial  doubt  of  the  prac- 
ticabilitv  of  the  idea  on  which  the  experiments  were  based.  If  clover 
and  alfalfa  seeds  be  sown  on  ground  previously  seeded  to  any  of  the 
grains  mentioned,  after  the  latter  are  up,  it  is  quite  possible,  even 
probable,  indeed,  that  good  stands  might  be  secured,  and  the  plantB 
grow  well.  It  is  practically  certain  that  such  of  them  as  did  so  would 
be  much  benefited  by  being  protected  by  the  older  and  lai^r  growths 
from  the  direct  rays  of  the  hot  summer  sun  and  the  hot  winds.  The 
smaller  seeds  might  be  sown  on  the  surface  and  covered  by  means  of 
a  light  harrow  where  the  others  had  been  broadcasted;  or  where  the 
others  had  been  drilled  the  smaller  seeds  might  be  drilled  between 
rows  at  proper  depths.  In  either  case  no  serious  injury  need  result  to 
the  young  i*j'e,  barley,  or  wheat;  but  on  the  other  band,  the  proba- 
bilities are  that  this  surface  treatment  of  the  ground  would  materially 
benefit  them  by  killing  the  weeds,  loosening  the  surface,  and  inducing 
the  absorption  of  moisture  from  the  air — something  nearly  always  to 
be  desired  during  the  hot  months  in  the  semiarid  regions. 

A   TENTATIVE   SUCCESS   NOTED. 

Another  experiment  on  somewhat  similar  lines  may  be  noted.  Sev- 
eral varieties  of  beans  and  peas  having  running,  clinging  vines,  as  cow- 
peas,  field  peas,  and  velvet  and  other  running  beans,  were  sown  in  the 
same  rows  with  many  varieties  of  sorghum.  In  some  of  the  rows  the 
peas  and  beans  were  sown  with  the  sot^hiun  seeds,  in  others  when 
the  soi^hum  stalks  were  several  inches  tall.  In  every  instance  satis- 
factory results  were  secured. 

EXPERIMENTS   WITH    GRASSES. 

A  large  number  of  sowings  of  grass  seeds  were  made  between  March 
2d  and  April  8.     Practically  everything  that  had  been  tested  in  the 
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two  fonner  years  waa  a^in  tested,  with  many  others.  In  the  list 
hereafter  giveD  will  be  enumerated  such  grasses  as,  in  the  tests  made, 
were  shown  to  be  worth  cultirating  in  central  Texas. 

NATIVE  GRASSES  THE  BEST. 

As  a  general  rule,  the  native  grasses  did  verj-  much  better  than  the 
others,  and  the  recommendation  is  made  to  central  Texas  stockmen 
and  farmers  that  they  place  leas  reliance  on  the  oftentimes  extrava- 
gant claims  made  by  interested  dealers  in  seeds,  etc.,  as  to  imported 
grass  and  forage  plants,  and  devote  more  attention  and  time  to  those 
native  to  their  respective  sections.  True,  many  valuable  additions  to 
our  native  plants  are  the  results  of  intelligent  importations  from  other 
countries  and  from  one  section  of  our  country  to  another;  but  experi- 
mental work  with  foreign  grasses,  etc.,  is  very  likely  to  prove  disap- 
pointing, while  there  is  every  reason  to  expect  good  results  from  the 
cultivation  of  good  native  varieties.  It  is  not  necessary  to  go  outside 
of  the  Southwest,  or  of  central  Texas,  indeed,  to  tlnd  a  large  number 
of  native  grasses  quite  equal  in  every  way  to  the  very  best  of  the  for- 
eign varieties  that  hare  been  so  industriously  advertised  by  dealers 
and  in  the  public  prints.  Professor  Lamson-Scribner  reports  that 
there  are  from  800  to  900  distinct  varieties  of  grasses  native  to  the 
United  States.  More  than  25  per  cent  of  these  are  native  to  Texas, 
and  within  the  comparatively  limited  territory  included  in  what  is 
being  considered  as  central  Texas,  nearly,  if  not  quite,  200  species  are 
to  be  found,  to  say  nothing  of  the  large  number  of  native  clovers  and 
other  forage  plants,  exclusive  of  the  grasses. 

With  such  natural  resources  practically  at  their  very  doors,  central 
Texas  stockmen  and  farmers  need  not  look  to  foreign  countries,  or  to 
other  States,  or  even  to  other  scctiotis  of  their  own  State,  for  grasses 
and  forage  stuffs  that  may  be  cultivated  to  the  best  advantage.  On 
every  natural  range  about  thera,  growing  on  their  farms,  along  the  fence 
rows,  and  wherever  else  they  are  allowed  to  grow,  are  such  as  are 
peculiarly  adapted  to  the  conditions  of  soil  and  climate  that  obtain  in 
the  section.  They  are  where  they  are  because  the  soil  and  climate  are 
favorable,  and  no  experimental  work  is  necessary  to  determine  their 
adaptability  and  general  value. 

EXPERIMENTS   WITH    THE   COARSER   FORAGE   PLANTS. 

During  this  third  year  of  station  work  practicallj'  every  test  made 
in  the  former  j'ears  with  the  coarser  forage  plants  was  repeated  and 
many  were  made  with  others.  In  the  list  of  forage  plants  recom- 
mended for  central  Texas  will  be  enumerated  such  as  were  found  to 
be  intrinsically  valuable  and  adapted  to  the  climateand  soil  conditions 
of  the  section.  In  a  general  way  it  may  be  stated  that  each  of  a  num- 
ber of  varieties  of  sorghum  was  successfully  grown.     Some  of  them 
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were  found  to  be  better  than  others  for  fodder  purposes  itnd  others  were 
found  to  be  better  grain  producers.  Some  matured  earlier  than  the 
others,  and  all  matured  seeds  satisfactorilv  with  the  single  exception 
of  teosinte,  and  that  was  shown  to  be  very  valuable  as  a  coarser  hay 
product. 

EANGE  IMPEOVEMENT. 


In  the  spring  of  1898  roots  of  a  large  number  of  grasses  found  grow- 
ing on  or  near  the  station  section  were  taken  up  and  planted  in  the 
grass  garden,  the  purpose  being  to  determine  which  of  them  could  be 
utilized  to  advantage  in  efforts  to  cover  the  large  number  of  entirely 
naked  spots  in  the  station  pastures.  Most  of  them  gave  entirely  sat- 
isfactory results.  In  the  course  of  the  next  (second)  season's  work 
this  line  of  experimental  work  was  very  much  extended,  with  like 
success.  Again,  during  the  third  year's  work,  still  other  grasses  were 
tested  in  the  same  way  and  for  the  same  purpose;  and  the  list  given 
hereafter  includes  such  as  were  found  to  have  special  value  in  that 
direction.  Of  the  sod  or  pasture  grasses,  each  of  the  following  gave 
good  results:  Barnyard  grass,  Bermuda,  big  blue  stem,  black  grama, 
blue  grama,  brown  sedge,  buffalo  grass,  crab  grass,  curly  mesquite, 
d(^rtown  (needle)  grass,  everlasting  grass,  galleta,  grama  grass,  redtop, 
rescue  grass,  bur  grass,  side  oats  grama,  Texas  millet,  white  top,  wild 
rye,  and  wild  timothy.  It  may  be  safely  stated  that  any  and  all  of 
these  species  will  bear  transplanting,  and  farmers  and  stockmen  who 
have  bare  spots  scattered  over  their  pastures,  due  to  the  ravages  of 
prairie  dogs,  ground  mice,  and  other  tike  grass  destroyers,  need  not 
hesitate  to  use  them  to  quickly  cover  such  spots.  The  sods  may  be 
taken  up  and  transplanted  in  the  early  spring  when  the  spring  rains 
may  be  looked  for  with  reasonable  certainty,  or  in  the  early  autumn 
when  the  rains  are  most  likely  to  begin.  During  the  month  of 
September  or  October  of  each  year,  as  a  rule,  good  rains  may  be 
expected  throughout  central  Texa-s.  If  the  rainfall  be  less  than  normal 
during  September  it  is  very  likely  to  be  above  normal  during  Octo- 
ber; and  if  it  be  more  than  normal  during  the  former  it  is  not  very 
likely  to  be  up  to  normal  during  the  latter  month.  In  1898  (as 
hereinbefore  stated)  the  precipitation  was  3.44  inches  during  Septem- 
ber, with  only  a  trace  in  October.  In  1899  it  was  only  0.44  inch  in 
September  and  2.90  inches  in  October.  In  1900  the  aggregate  for  the 
two  months  was  abnormally  large,  being  9.65  inches  during  the  former 
and  4.39  inches  during  the  latter  month.  The  old-time  saying  that 
"all  signs  fail  in  dry  weather"  applies  as  well  to  central  Texas  as  to 
any  other  section,  but  one  can  determine  several  hours,  and  sometimes 
two  or  three  days,  in  advance  about  the  time  when  a  good  rain  is  going 
to  fall.    The  tests  made  in  the  course  of  the  station  work  showed  that 
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very  few  of  the  sods  died  when  transplanted  two  or  three  days  in 
advance  of  good  rains,  either  in  the  early  spring  or  autumn  months. 


As  already  stated,  the  reports  made  by  Messrs.  Middleton,  Parra- 
more,  and  Bryan  show  that  at  the  end  of  the  first  twelve  months'  work 
substantial  improvement  had  been  secured,  and  that  at  the  end  of  the 
second  year's  work  the  gain  in  the  two  years  had  been  quite  100  per  cent, 
Dotwith standing  the  very  distressing  drought  of  1898  and  the  scarcely 
less  protracted  and  severe  spell  of  1699.  The  same  character  of  treat- 
ment of  the  same  pastures  was  continued  in  1900.  In  the  early  spring 
of  that  year  the  barrows  were  started,  the  disk  in  pasture  No.  2  and 
subdivision  No.  9.  In  the  former  year  the  disk  bad  been  set  so  as  to 
cut  very  nearly  in  a  straight  line  and  not  more  than  ^  to  4  inches 
deep.  In  this  second  year  the  lever  was  thrown  forward  so  as  to  give 
to  the  disk  an  additional  curve,  and  weights  were  added  with  the  view 
to  forcing  the  disks  quite  4  to  6  inches  deep,  and  so  loosening  the 
ground  twtow  the  grass  roots.  In  pasture  or  subdivision  No.  7  there 
was  so  little  grass  or  weeds  on  the  ground  when  the  first  harrowing 
was  done  in  1S98  that  it  was  not  difficult  to  force  the  teeth  into  the 
ground  without  weights.  The  next  spring  practically  every  acre  was 
covered,  more  or  less,  either  with  grass  or  weeds,  lai^ely  the  latter, 
and  in  consequence  the  frame  of  the  barrow  bad  to  be  weighted.  To 
that  end  heavy  logs  were  fastened  on  top  of  it,  but  it  was  found  neces- 
sary to  go  over  and  over  some  areas  where  the  grass  and  weeds  were 
thickest  and  rankest.  The  third  spring  it  was  found  that  the  further 
use  of  the  iron-tooth  harrow  was  no  longer  practicable.  On  every 
part  of  subdivision  No.  7  there  was  a  comparatively  heavy  growth  of 
grass  or  weeds,  now  largely  the  former,  and  no  possible  weighting  of 
the  harrow  frame  could  force  the  teeth  sufficiently  deep  into  the 
ground  and  hold  them  there  to  do  any  good  in  the  way  of  scarifying 
the  surface  and  loosening  the  earth  about  the  grass  roots.  Hence  it 
was  that  the  iron-tooth  harrow  was  discarded  and  the  disk  harrow 
used  instead  on  all  three  of  the  treated  pastures.  In  order  to  secure 
what  was  expected  to  produce  the  best  results,  the  lever  was  moved 
forward  still  further  than  in  the  year  before,  weights  were  placed  in 
the  disk-harrow  frame,  and  the  ground  was  cut  from  5  to  6  inches 
deep  and  more  decidedly  loosened  tiian  before  to  that  depth.  In  the 
later  summer  and  early  autumn  months  of  1898,  and  again  in  1899, 
young  grass  roots  were  noticeably  abundant  all  over  the  cultivated 
pastures.  As  this  was  not  nearly  to  a  like  extent  the  case  in  the  sev- 
eral pastures  which  had  not  been  treated,  it  was  taken  to  mean  that 
these  numerous  young  grass  roots  were  in  direct  consequence  of  the 
special  treatment  given  to  the  three  pastures  specified. 

In  the  spring  of  1900  Prof.  Thomas  A.  Williams,  Aasistaot  Agros- 
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tolog'ist  (now  deceased),  visited  the  station  and  made  a  very  pains- 
taking and  thorough  iospection  of  every  part  of  it,  including  the 
pastures.  He  was  specially  satisfied  with  the  evidences  mentioned  of 
the  value  of  the  surface  cultivation  of  the  pastures,  and  was  very  positive 
in  the  expression  that  such  evidences  of  the  successful  application 
of  the  theories  on  which  the  work  was  predicated  were  convincing- 
Later,  in  March,  1901,  Prof.  C.  L.  Shear,  who  in  the  meantime  had 
Hucceeded  Professor  Williams  in  the  office  of  Assistant  Agrostologist, 
made  an  official  visit  to,  and  inspection  of,  the  station.  The  effort 
was  made  during  his  visit  to  again  have  an  inspection  of  its  pastures 
made  by  Messi's.  Middleton,  Parramore,  and  Bryan,  but  Colonel  Par- 
ramore  was  absent  on  his  own  ranch  in  another  county,  and  Mr.  Bryan 
was  in  Austin  in  attendance  on  the  Texas  legislature.  In  company, 
however,  with  Mr.  Middleton  and  the  special  agent  in  charge,  Pro- 
fessor Shear  went  over  the  pastures  verj'  carefully  and  thoroughly, 
and  concurred  fully  with  Mr.  Middleton's  expressions  of  opinion  tiiat 
the  three  cultivated  pastures,  in  many  ways,  were  much  better  than 
any  of  those  not  cultivated.  Not  only  did  they  have  on  them  mora 
grass,  but  the  variety  was  greater,  and  the  grass  was  distinctly  of  a 
brighter  color  and  more  vigorous  looking.  Before  the  return  of 
Messrs.  Parramore  and  Bryan  to  Abilene  the  term  of  the  Merchant 
lease  of  the  station  section  terminated  and  the  three  years'  work  was 
brought  to  a  finish;  hence  no  final  inspection  of  the  pastures  was  made 
by  the  original  committee.  Mr.  Middleton  made  a  report  in  which  ho 
stated  that,  as  a  result  of  his  several  inspections  of  the  said  pastures 
in  1898, 1899,  and  1900,  and  again  in  1901,  he  viWi  certain  that  in  the 
three  years  ending  March  30, 1901,  their  capacity  for  sustaining  stock 
had  been  considerably  more  than  doubled — a  result  attributable  dis- 
tinctly, in  his  opinion,  to  the  treatment  they  had  received  in  the  mat- 
ter of  cultivating  some  of  them,  as  stated,  and  in  the  systematic 
resting  of  all  of  them  according  to  the  original  plans.  During  the 
last  week  of  March,  1901,  a  special  committee  of  three  well-known 
farmers,  who  owned  farms  and  pastures  in  the  immediate  neighbor- 
hood of  the  station,  and  who,  during  the  entire  three  years,  had 
taken  deep  interest  in  the  work  and  had  watched  it  closely,  were 
requested  to  make,  and  did  make,  a  final  inspection  of  tha  station  pas- 
tures. They  stated  in  their  report  that  they  had  been  well  acquainted 
with  the  land  included  in  the  station  during  all  of  the  three  years  it 
had  been  in  the  hands  of  the  Department  of  Agriculture,  througo  its 
special  agent,  and  that,  as  the  result  of  the  treatment  of  the  tract 
under  his  direction,  the  capacity  of  the  pa.'itures  for  sustaining  live 
stock,  year  in  and  year  out,  without  other  food  than  such  as  was 
afforded  by  the  pastures  themselves,  was  considerably  more  than  100 
per  cent  greater  at  the  end  than  at  the  beginning  of  the  three  years' 
work. 

15015— No.  13—02 3 
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CATTLE  HELD  ON  STATION  PA8TDEES. 

It  will  be  borne  in  mind  that  in  March,  1898,  the  capacity  of  the  640 
acres  included  in  the  Merchant  lease  was  estimated  by  experts  as  being 
for  mixed  cattle  at  the  rate  of  1  head  to  every  16  acres — about  40  head 
altogether.  During  the  third  year  of  station  worli  from  80  to  85  head 
of  mixed  cattle  were  held  in  the  pastures,  in  the  proportion  of  about 
1  head  to  every  7i  acres.  At  times  the  proportion  was  even  greater, 
as  it  frequently  happened  that  in  addition  to  the  cattle  several  head  of 
horses  and  mules  were  allowed  the  run  of  the  pastures.  At  no  time, 
however,  were  the  stock  pennitted  t«  graze  all  of  the  pastures  at  the 
same  time.  The  effort  was  made  to  give  each  pasture  periods  of  rest 
in  regular  succession-  That  meant  the  doubling  up  of  the  stock  in  the 
pastures  in  which  they  were  being  held;  hence  it  happened  that  during 
considerable  periods  of  time  the  diflFerent  pastures  were  carrying  quite 
double  as  many  animals  as  the  average  recommended  by  the  inspectors. 
As  one  result  of  this  systematic  resting,  the  grasses  in  each  pasture 
were,  to  a  greater  or  less  ext«nt,  permitted  to  mature  seeds,  which, 
falling  to  the  ground,  increased  the  number  of  grass  roots  and  in  that 
way  added  materially  to  the  capacity  of  the  range  for  supporting  stock. 

If  Mr.  Middleton  and  others  of  the  stockmen  who  entered  the  country 
first  with  their  cattle  are  correct,  namely,  that  originally  all  of  that 
section  had  a  capacity  to  sustain  stock  equal  to  1  head  to  every  3  or  4 
acres,  it  is  evident  that  the  station  pastures  have  not  yet  been  brought 
back  to  their  original  capacity.  What  has  lx>en  aivomplished,  how- 
ever, justitics  the  belief  that  if  like  methods  on  the  general  line  of 
those  pui"sued  during  thiee  j'ears  to  April,  lyoi.  be  followed  during 
the  succeeding  three  years,  as  a  result  of  the  six  years'  work  the  gain 
will  aggregate  several  hundred  per  cent.  Results  quite  as  satisfactory 
are  certainly  practicable  as  to  every  pasture  in  central  Texas,  Where 
hut  40  head  of  cattle  are  now  being  held  it  is  possible  to  continue  to 
hold  as  many  on  the  pastures  during  a  first  year's  work  and  at  the 
same  time  much  improve  them.  During  the  second  year  the  work  of 
range  improvement  maj-  be  continued,  and  the  niimbei'  of  cattle  on 
the  pastures  may  be  increased.  During  the  third  year  the  number 
can  be  still  further  increased  and  the  work  of  improving  the  pastures 
still  continued.  The  work  may  be  continued  year  after  year,  the 
work  each  year  being  propoi-tiouately  greater  than  that  of  the  year 
before;  and  each  year  the  proportion  of  cattle  may  be  increased.  An 
interested  stockman  of  Taylor  County  submitted  the  inquiry:  "Do 
you  Government  station  men  Ijelieve  that  the  ovei-stocked  and  almost 
ruined  grass  sections  of  this  country  may  be  brought  back  to  their 
capacity  for  supporting  cows  as  back  in  the  sixties  and  seventies  i" 
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The  reply  was  given  with  every  confidence  in  its  absolute  correctness; 
"It  is  not  only  possible,  but  each  year  while  it  is  being  done  cattle 
may  be  held  on  the  pastures,  the  proportion  increasing  year  after 
year  as  the  capacity  of  the  pastures  to  sustain  them  shall  be 
increased."  It  was  practicable  April  1,  1901,  to  place  as  many  as  lOiJ 
head  of  mixed  cattle  on  the  640  acres  included  in  the  gi-ass  and  forage 
plant  station  near  Abilene  and  hold  them  thereon  during  the  succeed- 
ing twelve  months  without  giving  them  other  feed  than  they  could 
get  for  themselves.  But  that  could  not  be  done  with  the  640  acies 
thrown  into  one  pasture  and  the  100  head  of  cattle  allowed  during  the 
twelve  months  to  range  at  will  over  the  entire  pasture.  It  pays  to 
build  and  keep  up  pasture  fences,  and  every  stockman  should  see  to  it 
that  instead  of  one  or  two  large  pastures  he  should  have  a  number  of 
small  ones,  some  of  which  can  be  resting  while  the  others  are  doing, 
perhaps,  double  duty. 

THE   MATTEB  OF  COST. 

In  reply  to  frequent  inquiries  submitted  by  interested  stockmen  and 
farmers,  facts  and  figures  have  been  given  out  from  time  to  time  as  to 
the  cost  of  cultivating  the  pasture  lands.  If,  as  many  suppose,  such 
work  meant  an  outlay  of  J2  to  ^  per  acre  per  year,  it  would  mean 
that  but  few  pasture  owners  would  take  such  work  in  hand.  The 
actual  cost  to  the  Department  of  Agriculture  of  having  the  station 
pastures  cultivated  can  not  be  considered  as  fairly  determining  what 
the  cost  of  similar  work  will  he  to  pasture  owners.  The  Department 
owned  no  horses,  did  not  employ  men  to  do  the  work,  except  from 
day  to  day  or  from  week  to  week,  hence  had  to  pay  more  for  the  labor 
in  proportion  than  farmers  and  stockmen  are  in  the  habit  of  paying 
for  labor  by  the  year.  It  was  estimated  that  a  man  working  steadily 
with  a  disk  harrow  could  go  over  an  average  of  12  acres  per  day  and 
do  the  work  thoroughly.  The  prices  paid  were:  For  two-hoise  team 
and  driver,  J2,50  per  day;  for  three  horses  and  driver,  $3,  and  for 
four  horses  and  driver,  1^.50.  At  times  when  there  was  plenty  of 
work  and  labor  was  in  demand  higher  prices  had  to  be  paid,  but  those 
named  were  about  the  average  for  the  pastui'e  work.  Taking  the 
highest  price,  as  above,  as  a  basis  for  calculating  the  cost  of  cultivat- 
ing the  station  pastures,  it  would  mean  a  trifle  less  than  30  cente  per 
acre  per  year;  for  the  three  years'  work,  85  to  90  cents.  In  fact,  the 
cost  to  the  Department  did  not  average  25  cents  per  acre  per  year. 
Taking  these  figures  as  the  basis  of  the  calculation,  it  means  that  a  640- 
acre  pasture  would  cost  $160  per  year,  or  $480  in  three  years.  If  the 
gain  in  the  capacity  to  sustain  stock  should  equal  100  per  cent,  it  would 
mean  that  the  income-producing  value  of  the  land  would  be  doubled. 
If  the  value  of  the  land  for  pasture  purposes  should  be  $5  per  acre  at 
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the  be^nning  of  the  three  years'  term,  it  would  mean  that  it  would  be 
$10  per  acre  at  the  end  of  the  term.  In  other  words,  if  the  value  of 
the  6i0  acres,  for  pasture  purposes,  should  be  (at  $5  per  acre)  $:^,200, 
it  would  be  at  the  end  of  the  three  years'  term  (at  $10  per  acre)  $6,-iOO, 
If  these  figures  do  not  quite  satisfy  stockmen  and  farmers  having 
pasture  lands  greatly  needing  to  be  improved,  the  additional  su^es- 
tion  is  offered  that  if,  on  the  640  acres,  at  the  beginning  of  the  three 
years'  term,  it  should  be  pi'acticable  to  hold  only  40  head  of  mixed 
cattle,  in  the  proportion  of  1  to  every  16  acres,  and  at  the  end  of 
the  first  3'ear  the  gain  in  range  capacity  to  sustain  stock  should  be 
only  33]^  per  cent,  it  would  mean  that  during  the  next  year  about  53 
head  of  cattle  could  be  held  on  the  same  640  acres.  If  the  gain  during 
the  second  year  should  be  a  further  33^  per  cent,  it  would  mean  that 
about  70  head  could  be  held  in  the  pastures  the  next  year.  If  the  gain 
during  the  third  year  should  be  as  great  proportionately  as  during  the 
first  and  second  year,  it  would  mean  that  about  93  head  could  be  held 
at  the  end  of  three  yeai-s  on  the  pastures  that  three  years  before  could 
only  support  40  head.  How*  can  central  Texas  stockmen  and  farmers 
make  money  more  certainly  or  more  rapidly  than  by  working  .system- 
atically and  patiently  on  the  lines  suggested*  They  have  their  own 
horses  and  will  not  have  to  hire  teams  to  pull  their  harrows.  They 
have  laborers  hired  by  the  year,  or  they  can  do  their  own  work, 
hence  will  not  have  to  pay  out  anything  extra  for  having  the  work 
done.  The  best  times  for  doing  the  work  {in  the  early  spring  or  the 
early  autumn  months)  are  the  seasons  when  such  work  can  be  done  at 
odd  times,  when  other  work  on  the  farms  or  ranches  will  not  be 
pressing  for  attention. 

Is  it  worth  the  effort)     Do  the  probable  large  gains  justify  the  cost? 

Perhaps  it  will  be  more  prudent  to  make  a  trial  test  on  a  smaller 
scale.  On  that  idea  the  suggestion  is  offered  that  those  having  pas- 
tures needing  reclamation  make  such  trial  tests,  beginning  next  autumn 
or  in  the  following  spring.  Suppose  a  small  pasture  be  fenced  off  from 
the  general  pasture,  and  it  be  cultivated  one  year,  and  during  the  year 
it  be  grazed  and  rested  alternately  in  periods  of,  say,  three  months,  the 
pasture  to  do  double  duty  during  the  periods  it  is  pastured.  If  at  the 
end  of  one  year,  the  seasons  having  been  normal,  there  be  a  manifest 
gain  in  the  capacity  of  the  pasture  to  sustain  stock  equal  to  30  to  40 
per  cent,  and  if  the  other  and  larger  pasture  shall  not  have,  during 
the  same  period,  gained  in  such  capacity,  will  not  such  results  clearly 
justify  a  second  year's  experimental  work,  with  the  same  small  pasture, 
on  similar  lines !  And  if  that  year's  work  shall  result  as  satisfcictorily 
as  that  of  the  previous  year,  will  the  result  not  fairly  demonstrate  the 
advisability  of  still  another  effort  to  restore  the  pasture  to  its  origimJ 
capacity  for  sustaining  stock? 

It  is  confidently  believed  that  those  who  will  take  such  work  in  hand 
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and  continue  it  intelligently  and  systematically  through  three  years, 
on  even  small  proportions  of  their  ranges,  will  need  no  other  arguments 
than  the  results  themselves  to  induce  them  to  adopt  and  pursue  to  the 
end  like  methods  as  to  all  of  their  rua-down  pasture  lands. 

HAT    AJSm    PASTXmE    PI.AKTS    SECOKKBNDED    FOR    CENTILAL 


As  the  result  of  the  experimental  work  conducted  at  AbileDc,  the 
following  list  of  the  grasses  and  forage  plants  that  may  he  relied  on 
as  being  well  adapted  to  the  climatic  and  soil  conditions  of  central 
Texas  has  been  prepared  for  the  benefit  of  those  who  may  desire  to 
improve  their  ranges  and  are  willing  to  undertake  and  prosecute  the 
necessary  work: 

GRASSES. 
Basktabd  Grass  {Panician  rnu-galli). 

This  erect,  leafy  grass,  known  locally  also  as  goose  grass  and  sour 
grass,  is  found  in  nearly  every  State  in  the  United  States  in  barnyards 
and  waste  grounds  and  in  very  rich,  moist  soils.  Where  it  has  been 
studied  it  is  recognized  as  having  a  detinite  value,  both  as  a  pasture 
and  as  a  hay  grass.  In  "Southern  Forage  Plants"  {Farmers'  Bulletin 
No.  2,  United  States  Department  of  Agriculture)  it  is  described  as 
coarse  and  succulent,  not  easily  cured  into  hay,  quite  valuable  for  soil- 
ing and  for  the  silo,  yielding  heavily,  and  produtiing  an  unusual  amount 
of  seed.  In  some  sections  of  Mississippi  and  Florida  it  is  said  to  be  a 
volunteer  growth  that  makes  a  good  hay,  which  is  preferred  to  the 
best  corn  fodder  by  farmers  who  have  thoroughly  tested  it.  In  Bulle- 
tin Ko.  87  of  the  Experiment  Station  of  the  Kansas  State  Agricultural 
College  it  is  very  favorably  referred  to  as  a  forage  grass.  It  first 
came  into  notice  in  central  Texas  about  1S93,  when  it  made  its  appear- 
ance in  the  cultivated  fields  or  about  old  barnyard  buildings  in  several  of 
the  counties.  It  grows  in  bunches  2  to  4  feet  high  and  makes  a  great 
deal  of  fodder  that  Is  relished  by  cattle,  both  in  its  green  state  and  when 
(Hired.  It  has  many  small  roots  that  grow  near  the  surface,  and  is  a 
strong  feeder.  Seeds  gathered  near  the  station  were  sown,  good  stands 
were  secured,  and  a  vigorous  growth  was  made.  No  difficulty  was 
encountered  in  the  efforts  to  cure  it,  and  the  hay,  which  was  light  for 
its  bulk,  was  successfully  baled.  It  is  an  annual,  but  readily  reseeds 
itself.  Of  the  several  varieties  now  being  cultivated  in  the  United 
States,  one  known  as  Japanese  barnyard  millet  was  tested  thoroughly 
in  the  station  garden  in  1899.  The  ground  had  been  broken  deeply 
in  October,  1898,  and  seeds  were  sown  March  15  following  in  thin 
hillside  land.  A  good  stand  was  secured,  and  by  April  18  the  ground 
was  well  covered.  June  3  ohe  grass  was  quite  3  feet  high  and  an  excel- 
lent yield  was  secured,  and  July  1  a  second  cutting  was  made.    A  third 
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cutting  would  have  been  secured  had  not  the  July  drought  of  that 
year  prevented.  Tests  made  again  fully  confirmed  the  good  opinion 
formed  of  the  grass  as  the  result  of  the  former  test.  It  will  pay  cen- 
tral Texas  stockmen  and  farmers  to  cultivate  the  native  and  the 
improved  varieties  mentioned. 

Bbemuda  Grabs  {Cynodon  dadylon). 

This  creeping  perennial  grass  is  found  in  the  United  Statfis  from 
Pennsylvania  southward  to  Florida  and  westward  to  Texas  and  Cali- 
fornia. It  is  not  a  native,  but  has  been  so  long  grown  in  Texas  that 
it  has  become  one  of  its  distinctive  grasses.  It  was  introduced  into 
southern  Texas  sixty  to  seventy  years  ago,  near  the  mouth  of  the 
Brazos.  From  that  beginning  it  has  been  taken  to  all  parts  of  the 
State,  and  everywhere  it  has  proved  itself  a  valuable  addition  to  the 
native  grasses.  It  is  propagated,  in  the  main,  by  cutting  up  the  roots 
or  sod  into  small  pieces,  which  are  planted  broadcast,  or  from  1  to 
8  feet  aoart  in  shallow  furrows.  In  centi-al  Texas  it  is  extensively 
used  for  lawn  purposes,  as  it  makes  a  close  and  smooth  sod.  As  even 
a  moderate  frost  kills  it  down,  it  is  not  a  very  valuable  winter  grass; 
nor  is  it  one  of  the  best  grasses  for  the  high  lands  or  prairies  of  cen- 
tml  Texas,  as  its  drought-resisting  qualities  are  not  strong.  It  is  in 
this  particular  far  inferior  to  curly  mesquite  or  buffalo  grass.  If 
grown  in  low,  moist  places,  it  furnishes  more  and  better  grazing  than 
either,  and  also  produces  an  abundant  crop  of  an  excellent  quality  of 
hay.  Several  tests  were  made  in  the  station  grass  garden  to  determine 
whether  it  could  be  propagated  successf  ullj'  by  sowing  seeds  imported 
from  the  West  Indies.  Sowing.s  were  made  in  Octolier,  1898,  and  in 
January,  March,  and  April,  1899.  Of  the  first  two  sowings  not  a  seed 
germinated.  A  few  of  those  sown  in  March  germinated,  but  the 
plants  .soon  disappeared,  A  I'ather  thin  stand  was  secured  as  a  result 
of  the  April  sowing,  but  when  the  August  hot  winds  and  dry  weather 
came  on,  the  roots  began  to  give  way,  and  by  October  1  all  were  dead. 
As  it  is  justly  regarded  as  an  excellent  soil-binder,  it  was  thought 
advisable  to  use  it  for  strengthening  the  dams  of  the  two  station  tanks, 
and  in  11*00  seeds  were  sown  on  the  surface  in  March  and  i-aked  in 
with  a  hand  rake;  but  only  a  few  plants  appeared,  and  after  a  short 
time  they  disappeared.  A  few  roots  that  were  planted  in  April  grew 
"  vigorously  and  soon  made  a  close,  compact  sod.  Central  Texas  stock- 
men will  do  well  to  establish  Bermuda  grass  pastures,  especially  for 
their  home  oilves  and  other  stock,  and  if  established  in  rich  and  moist 
soils,  the  most  satisfactory  results  may  be  expected.  As  it  is  difficult 
to  eradicate  when  once  established,  and  spreads  rapidly  by  means  of 
numerous  surface  runners,  it  is  not  deemed  advisable  to  locate  pastures 
near  lands  intended  for  cultivation. 
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Buffalo  Grabb  [BtdbSii  dadyloida). 
This  is  a  low,  fine-ieafed,  and  extensively  creeping  perennial,  simi- 
lar in  its  habit  of  growth  to  Bermuda.  It  is  found  in  the  dry  prairies 
as  well  as  in  the  river  bottoms  as  far  north  &8  Minnesota,  as  far 
west  as  South .  Dakota,  and  east  and  south  throughout  many  other 
States,  including  Colorado,  Kansas,  Arkansas,  and  Texas.  It  is  a 
very  common  grass  throughout  central  Texas,  where'  it  is  often  mis- 
taken for  grama  grass.  Liberally  mixed  with  curly  mesquite  and 
needle  grass,  the  combination  makes  an  ideal  pasture.  It  is  not  one 
of  the  richest  fat-producing  grasses,  but  being  a  native,  peculiarly 
adapted  to  the  conditions  of  soil  and  climate,  and  affording  abundant 
pasturage,  it  is  one  of  our  most  valuable  species.  It  is  in  no  sense  a 
hay  grass.  It  forms  a  beautiful,  closely  interwoven  turf,  with  lateia), 
creeping  root  stalks  which  bear  an  abundance  of  leaves,  but  it  never 
grows  high  enough  to  be  cut.  It  can  be  grown  readily  from  the  seed, 
but  owing  to  the  manner  in  which  its  seeds  are  produced  it  is  imprac- 
ticable to  gather  them  in  quantities.  As  the  grass  is  easily  propa- 
gated by  dividing  the  turf  and  sowing  the  bits  in  furrows,  it  is  not 
difficult  to  get  a  good  stand  of  it,  and,  as  it  will  survive  almost  any 
degree  of  dry  weather,  of  trampling,  and  other  ill  usage,  it  is  deserv- 
edly one  of  the  favorite  gi-asses  of  the  central  Texas  st<x:kmen.  Sev- 
eral tests  were  made  with  it  on  the  station  grounds  to  determine  its 
true  value.  A  few  seeds  were  secured,  snd  plantings  were  made  in 
October,  1898.  A  fair  stand  was  secured,  and  the  young  grass  i-oots 
stood  the  drought  of  1899  well.  In  1900  roots  were  planted  and  not 
only  lived,  but  grew  well  and  spread  rapidly,  soon  covering'  compara- 
tively large  spots  in  the  grass  garden  and  in  the  station  pasture. 

BcSHY  Blue  Stem  {Andropogon  nutoju). 
In  every  county  of  central  Texas  this  excellent  hay  grass  may  be 
found.  It  is  a  tall,  rather  coarse  grass,  which  is  cured  with  but  little 
difGculty,  makes  a  good  hay  that  bales  well,  and  in  that  shape  has  good 
keeping  qualities.  It  was  tested  fully  in  the  station  grass  garden 
with  satisfactory  results.  Roots  dug  up  where  they  grew  iu  rocky 
places  and  also  in  the  open  prairie  were  put  in  the  ground  in  the  grass 
garden,  grew  readily,  and  demonstrated  the  value  of  this  grass  for 
quickly  covering  naked  spots  in  pastures  by  transplanting  the  roots. 
Central  Texas  stockmen  report  that  they  have  bad  satisfactory  experi- 
ences with  the  same  grass  in  the  Dakotas  and  in  the  Territories  of 
Arizona  and  Kew  Mexico. 

Colorado  Gfuse  {Fanicum  (ecdnum). 

The  writer  has  met  with  and  has  known  this  grass  many  years,  first 
in  the  valley  of  the  Colorado,  near  Austin,  Tex.,  lat«r  in  Tom  Green 
County,  in  the  valley  of  the  Concho,  and  more  recently  in  several 
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counties  of  central  Texas,  including  Taylor  County.  It  is  not  certain 
vrhere  it  originated,  but  it  has  been  during  many  years  past  one  of  the 
best  known  and  most  valuable  grasses  in  each  of  the  several  sections 
mentioued.  In  tbe  Colorado  Valley  it  made  its  appearance  each  year 
about  the  time  tbe  corn  crop  was  ready  to  be  laid  by,  when  it  would 
cover  tbe  fields,  and  tbe  bay  and  grass  would  be  almost  as  valuable  as 
thecorncrop.  In  the  Abilene  country  (Taylorandadjoining counties) 
farmers  regard  it  as  by  all  odds  the  best  hay  grass.  It  produces  large 
quantities  of  seeds  that  germinate  well,  and  the  growth  of  the  grass  in 
tiie  late  summer  and  early  fall  is  astonishingly  fast.  Tests  made  in 
connection  with  the  grass-garden  work  were  in  every  way  satisfactor}-. 
It  was  clearly  demonstrated  that  this 
grass  is  easily  propagated  from  the 
seed,  does  not  become  a  weed,  makes 
a  great  deal  of  splendid  hay  that  is 
readily  cured,  and  keeps  well  either 
in  bulk  or  in  bales.  It  has  much  tbe 
habit  of  crab  gra^,  hut  is  coarser, 
and  does  not  become  a  nuisance  in 
the  cultivated  tields,  as  the  crab 
grass  often  does.  Then,  too,  it  is 
easily  gotten  rid  of  on  the  farms, 
which  can  not  be  said  of  crab  grass. 
As  a  hay  grass  it  ranks  with  the 
very  best  throughout  central  Texas. 
(See  fig.  2.) 
CoTTO.v  Top  Grass  {Panieum  locknanlhum). 

This  is  not  a  very  common  grass 
in  central  Texas.  It  is  to  be  found 
in  all  of  the  counties,  but  only  here 
and  there  in  cultivated  fields.  Only 
a  few  seeds  were  gathered,  and 
they  were  sown  in  drills  in  the 
FiQ.a.-coior»dog««(ft«te.m(non«m).  g TOSS  garden  and  germinated  satis- 
factorily. The  long  dry  spells  in 
1899  and  1900  operated  much  against  the  growth,  but  it  grew  fairly 
well.  Under  cultivation  it  did  not  develop  as  satisfactorily  as  did  the 
few  volunteer  bunches  that  were  not  cultivated.  The  latter  grew  to 
be  about  2  to  2i  feet  high,  the  bunches  were  rather  large,  there  was 
an  abundance  of  leafage,  the  stems  were  not  large  or  harsh,  and  the 
seed  crop  was  fairly  good.  No  difficulty  was  experienced  in  curing 
the  grass,  and  the  hay,  though  light,  was  excellent  in  quality  and  much 
relished  by  stock  to  which  it  was  fed.  It  is  a  good  hay  grass  for  cen- 
tral Texas,  but  not  equal  in  value  to  some  others  herein  discussed. 
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Crab  Grass  [Paniaan  tan^uinide). 

Farmei's  of  central  Texas  are  divided  ia  their  opinion  as  to  this 
grass.  Some  of  them  claim  for  it  that  it  is  very  valuable  both  for 
pasturage  and  hay  pui-poaes,  while  others  insist  that  it  is  more  of  a 
nuisance  than  a  blessing,  as  it  reseeds  itself,  miakes  its  appearance  in 
the  cultivated  fields  before  the  crops  are  matured,  and  absorbs  the 
moisture  in  the  ground  to  an  extent  which  prevents  the  best  develop- 
ment of  the  cultivated  crops.  It  is  not  necessary  in  this  connection 
to  go  into  the  discussion  of  these  differences  of  opinion.  That  crab 
grass  does  furnish  a  large  quantity  of  good  pasturage  and  a  good  qual- 
ity of  bay  without  cultivation  is  an  undisputed  fact,  but  it  is  a  question 
whether  it  injures  the  cultivated  crops  more  than  it  is  worth  to  the 
fanner.  As  farmers  throughout  the  semiarid  regions  are  frequently 
short  on  stock  food,  and  crab  grass,  as  a  rule,  can  be  relied  on  to  fur- 
nish a  large  quantity  and  a  good  quality  of  grass  for  pasturage  pur- 
poses and  for  hay,  there  are  sound  reasons  for  the  belief  that  it  would 
pay  central  Texas  stockmen  and  fanners  to  devote  fields  to  this  grass. 
A  volunteer  crop  that  grew  on  a  neighboring  farm  was  cut,  cured  and 
baled,  and  when  the  bales  were  opened  several  months  later  the  bay 
was  found  to  be  sweet,  and  was  greedily  eaten  by  the  cattle  and  horses 
to  which  it  was  fed. 

Curly  MEsqcrrB  (HUariaceni^nnd^). 

Ask  average  central  Texas  stockmen  which  are  the  best  pasture 
grasses,  and  the  chances  are  most  of  them  will  say  curly  mesquite, 
buffalo  grass,  and  needle  grass.  It  is  a  fact  that  when  these  stockmen 
are  discussing  their  pastures,  they  are  specially  pleased  if  they  can 
truthfully  claim  for  them  that  these  three  grasses,  in  quantities,  are 
to  be  found  in  them.  The  grama  grasses  are  no  less  valued  by  them, 
but  none  of  them  are  in  sufficient  quantities  to  make  them  such  impor- 
tant factors  in  the  make-up  of  the  pastures  as  the  others  named.  As 
between  the  curly  mesquite  and  the  buffalo  grass,  a  large  majority,  it 
is  believed,  regard  the  former  as  being  more  valuable,  all  things  con- 
sidered. It  commences  to  grow  earlier  in  the  spring  than  the  buffalo 
grass,  makes  a  thick,  compact  turf  for  summer  grazing,  matures  on 
its  roots,  holds  its  own  under  almost  any  amount  of  rough  treatment, 
such  as  tramplingand  heavy  stocking,  and  continues  green  and  grow- 
ing whcD  even  the  buffalo  grass  and  the  gramas  show  the  effects  of 
the  long  dry  spells  of  weather  that  are  characteristic  of  all  the  section. 
Daring  such  times  the  leaves  and  stems  dry  up  and  look  dead,  but  after 
a  warm  rain  they  green  out  rapidly.  Sods  of  curly  mesquite  were 
planted  near  sods  of  Bermuda  grass  to  test  their  respective  values  as 
turf  makers.  As  long  as  the  rains  came  regularly  the  latter  made  a 
better  growth  than  the  former,  but  when  the  hot  and  dry  weather 
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be{^n,  the  curly  mesquite  held  its  own  very  much  better  than  the 
Bermuda,  and  in  midsummer  clearly  demonstrated  its  great  supe- 
riority as  a  drought- resisting  grass.  As  it  is  easily  propagated  from 
the  roots,  which,  cut  into  bits,  may  be  harrowed  or  heeled  in  the 
ground  after  the  early  spring  rains,  it  is  justly  regarded  as  one  of  the 
best  of  all  the  native  graases  of  the  section  for  use  in  renovating  the 
i-anges.  As  it  never  grows  tall 
enough  to  be  cut,  it  is  suitable 
only  for  pasture.     (See  fig.  3.) 

EvBRiABTiNO  Grass  {Enochtoa 
punctata). 

This  is  the  native  grass  that  waa 
the  main  reliance  of  cattlemen  for 
hay  in  the  early  history  of  central 
Texas  as  a  stock  country.  When 
old  Fort  Griffin,  in  Shackleford 
County,  wajs  a  United  States  Army 
post,  this  grass  was  about  all  that 
the  large  uumber  of  cavalry  and 
other  horses  there  had  to  i-ely  on 
for  winter  "roughness,"  In  the 
seventies  and  eighties  it  grew  all 
over  the  section  from  2  to  4  feet 
high,  in  quantities  sufficient  to  en- 
able a  great  deal  of  an  excellent 
quality  of  hay  to  be  secured.  Now 
.^  it  is  a  rare  grass  in  the  pastures, 

largely  due  to  the  fact  that  it  will 
not   flourish    under   such    rough 
treatment  as  the  i-anges  of  the  sec- 
-y  tion  received  while  "free  grass" 

"        yw  3.-Cucly  mnuiiiiie  '"'^    ^'^    '"'''®-      ^''    pasturCS    not 

overstocked,  along  the  fence  rows, 
and  at  the  ends  of  the  rows  in  cultivated  tields,  it  is  now  to  be  found  in 
most  of  the  central  Texas  counties,  and  always,  under  such  conditions, 
the  most  permanent  and  promising  grass  in  sight.  As  it  makes  a 
vigorous  growth  under  favorable  circumstances,  and  furnishes  an 
abundant  yield  of  a  comparatively  soft  and  very  nutritious  hay,  it 
should  bo  cultivated  by  stockmen  and  farmei"s.  Seeds  of  this  grass 
sufficient  to  sow  a  good  plot  of  ground  in  the  grass  garden  were  saved, 
and  in  1899  an  excellent  stand  was  secui-ed  that  grew  and  developed 
vigorously  and  held  its  own  remarkably  well  during  the  long  dry  spells 
of  1S99  and  1900. 
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G^MA  Gbasb  (THpMcum  dactyloidet). 
The  writer,  while  making  a  field  inspection  of  the  central  Texas 
ranges,  looking  up  their  native  grasses  and  forage  plants,  discovered 
a  few  bunches  only  of  a  stout,  coarse,  branching  perennial,  and  was 
much  impressed  with  the  idea  of  its  probable  value  for  pasture  pur- 
poses. It  was  growing  in  large  bunches  from  masses  of  stout  i-oots, 
the  st«ms  and  their  broad  leaves  being  numerous  and  from  4  to  6  feet 
high.  During  the  year  1898  the  bunches  found  growing  in  a  low, 
rich,  moist  valley  were  watched  with  the  view  to  securing  seeds  for 
tests  in  the  gross  garden.  Abundant  seed  beads  formed,  but  none  of 
the  seeds  matured  before  the  frosty  autumn  weather  came  on.  Again, 
in  1899,  the  seed  development  was  watched,  and  some  seeds  gathered, 
but,  as  in  the  yeai'  before,  they  were  not  matured.  These  facts  seemed 
to  demonstrate  that  the  gama  grass  could  not  be  prop^sted  through 
seed  grown  in  the  section,  and  st«ps  were  taken  to  prop^^te  it  by  use 
of  the  roots.  A  few  of  the  large  roots  were  dug  up,  cut  into  small  bits, 
and  planted  tn  drills  in  the  grass  garden.  This  was  in  the  autumn  of 
1899.  Again,  in  the  spring  of  1900,  other  small  roots  were  planted. 
In  each  case  the  root  development  weis  surprisingly  great  and  quick. 
By  the  beginning  of  the  autumn  of  1900  the  roots  had  largely  multi- 
plied and  the  stems  were  from  3  to  5  feet  high.  One  planting  was 
made  on  a  rocky  hillside,  the  other  in  low,  flat,  rich  ground.  The 
growth  in  the  valley  was  more  vigorous  than  that  on  the  higher  land, 
but  the  latter  was  strong  and  vigorous.  The  suggestion  is  made  that 
central  Texas  stockmen  and  farmers  can  use  this  grass  to  excellent 
advantage  in  their  eflTorts  to  improve  their  lowland  pastures.  From 
early  spring  till  late  in  the  autumn  the  leaves  continue  green.  The 
stems  are  coarse  and  harsh,  and  the  gama  grass  hay  is  not  nearly  as 
satisfactory  as  that  of  many  other  native  grasses.  The  roots,  however, 
penetmte  deeply  into  the  ground,  and  being  very  close,  compact,  and 
tough,  the  grass  wUl  stand  much  dry  weather  and  rough  pasturing. 

Grama  Graeses. 

For  pasture  puiposes  throughout  central  Texas  curly  mesquite  is 
believed  to  be  entitled  tp  the  first  rank.  Next  follow,  in  the  order 
named,  buffalo  grass  and  needle  grass,  and  then  come  the  three  gramas 
that  are  native  to  the  section.  As  to  their  relative  merits  it  is  not 
easy  to  decide.  In  the  matter  of  quantity  in  central  Texas  blue  grama 
and  side  oats  grama  are  more  abundant  over  a  larger  area  than  the 
black  grama. 

Black  Grama  (Hilaria  mutica). 

As  far  back  as  early  in  the  eighties  the  latan  Valley  in  Mitchell 
County  was  covered  with  a  heavy  growth  of  this  grass.  The  stiff  red 
soil  seemed  to  be  peculiarly  favorable  to  its  growth.     All  that  section 
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was  an  open  range,  and  free  grass  was  the  rule.  Every  year  large 
quantities  of  this  grass  were  cut  and  baled,  and  the  hay  was  r^arded 
as  being  excellent,  though  somewhat  harsh.  Since  then  the  writer 
has  found  the  same  grass  growing  in  other  counties  of  ceotral  Texas, 
and  quite  as  vigorously  in  the  bkck-land  valleys  as  in  the  red  lands. 
In  the  immediate  neighborhood  of  the  grass  station  C.  W.  Merchant 
has  two  pastures  kept  as  winter  range  for  his  white-faced  thorough- 
bi-ed  cattle.  The  soil  is  a  rather  loose  brown  loam  with  a  clay  subsoil. 
The  principal  grass  is  the  black  grama,  which  grows  abundantly  and 
vigorously,  A  public  road  on  the  west  side  of  one  of  these  pastures 
separates  it  from  the  Parramore  pasture,  in  which  the  surface  soil  is 
sandy.  In  this  sandy  land  the  black  grama  does  not  grow  at  all  vigor-  . 
ously.  Stockmen  of  the  section  agree  in  their  statements  that  it  will 
not  grow  well  except  in  the  heavier  clay  soils.  At  all  events,  the 
writer  does  not  now  recall  a  single  pasture  in  all  of  central  Texas  in 
which  it  is  growing  to  any  decided  extent,  except  where  the  soils  are 
heavy,  either  red  or  black  clay.  Seeds  were  drilled  and  broadcasted 
in  1899  and  again  in  1900  in  the  grass  garden,  both  in  heavy  and 
lighter  soils.  In  each  case  a  good  stand  was  secured,  brt  the  best 
results  were  obtained  from  the  plantings  in  the  heavy  soil.  In  central 
Texas  this  grass  withstands  the  drought  and  bears  pasturing  very 
well.  It  grows  tall  enough  for  hay  purposes,  but  as  there  are  several 
better  hay  grasses  that  grow  quite  as  well  in  the  section,  it  is  not 
recommended  for  hay.  It  is  recommended,  however,  for  pasture  pur- 
poses. It  is  specially  valuable  for  winter  grazing,  as  the  stems  remain 
green  long  after  the  leaves  have  become  brown,  and  to  all  appearances 
dead.  As  it  is  a  pereunial  and  seeds  abundantly  whenever  there  is 
rain  in  the  early  part  of  the  year,  it  is  valuable  for  the  purpose  of 
renovating  worn-out  or  tramped-out  native  pastures. 

Bl0b  Gr^ha  (Bouteloua  oligoalachya). 

In  every  county  in  central  Texas  blue  grama  is  to  be  found  a  native 
in  the  pastures,  and  yet  it  is  not  nearly  so  common  as  the  stockmen 
would  like  to  have  it.  There  are  two  very  closely  related  species, 
the  other  being  known  to  agrostologists  as  BoiUeloua  hirauta,  the 
seed  heads  of  which  are  darker  than  the  former,  really  the  only  dif- 
ference noticeable  to  the  unscientific  observer.  Considering  them  as 
being  practically  the  same,  it  may  be  said  of  them  that  they  are  not 
specially  valuable  as  hay  grasses.  Though  their  stems  are  often  tall 
enough  to  be  cut,  the  leafage  is  neither  heavy  enough  nor,  as  a  rule, 
long  enough  for  hay  purposes.  They  grow  well  on  the  high  arid 
plains  and  bench  lands,  and  also  in  the  lower  and  damper  pasture 
lands.  The  blue  grama  is  often  confused  in  the  minds  of  stockmen 
and  farmers  with  buffalo  grass,  from  which  it  differs  in  several  impor- 
tant respects. 
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Side  Oats  Grama.  (Bmiidfma  curiipendvla). 

Thia  is  justly  repirded  by  the  well  informed  as  one  of  the  best  of 
the  native  grasses  of  central  Texas.  It  grows  equally  well  in  the 
uplands  and  lowlands,  in  pastures  and  in  fallow  lands.  It  produces  a 
great  many  seeds  that  do  not  shatter  badly,  grows  tall  enough  to  be 
cut,  and  makes  much  fodder,  which  when  cured  is  soft  and  much 
relished  by  stock,  and  it  may  be  fairly  classed  with  the  recommended 
hay  grasses.  Its  special  value,  however,  is  for  grazing  or  pasture. 
It  is  a  perennial,  and  ia  easily  propagated  from  the  SPeds.  Several 
tests  were  made  of  this  variety  in  the  grass  garden.  Some  seeds  were 
gathered  on  the  range  in  the  autumn  of  1898  and  were  sown  April  18, 
1899.  An  excellent  stand  was  secured,  and  the  gi"ass  stood  the 
drought  of  1899  satisfactorily,  and  in  1900  made  a  splendid  showing. 
In  the  spring  of  1900  some  seeds  grown  in  the  State  of  Washington 
and  received  from  the  Agroatologist  were  broadcasted  on  a  high, 
rather  dry  level  in  the  grass  garden.  A  very  good  stand  was  secured, 
the  grass  grew  vigorously,  seeded  well,  and  altogether  gave  satisfac- 
tory resulbj.  The  same  grass  is  known  as  "tall  grama"  and  as 
"prairie  oats"  in  some  sections,  in  and  out  of  Texas,  but  everywhere 
it  ia  regarded  as  a  valuable  grass. 

Johnson  Qrabs  {Andropogimhaiepaitit). 

If  Johnson  grass  happens  to  be  mentioned  in  any  crowd  of  stockmen 
and  farmers  in  Texas,  it  is  safe  to  conclude  in  advance  that  there  will 
be  much  disputing  in  regard  to  it.  There  are  farmers  in  central  Texas, 
known  to  be  successful,  practical,  sensible  men,  who  insist  that  it  ia  a 
very  valuable  grass  and  does  not  deserve  the  great  amount  of  abuse 
heaped  on  it.  On  the  other  hand,  many  who  are  equally  as  favorably 
known  declare  it  to  be  an  unmitigated  nuisance.  Among  stockmen 
there  is  about  as  much  difference  of  opinion.  Those  who  do  no  regu- 
lar farming,  but  confine  their  farming  operations  to  growing  stock 
feed,  say  it  is  the  very  beat  all-around  stuff  they  can  grow.  On  the 
other  hand,  of  those  who  are  farmers  as  well  as  stockmen,  many  are 
pronounced  in  their  opposition  to  it.  None  of  the  seeds  were  sown  in 
the  grass  garden,  but  in  the  farms  in  the  neighborhood  are  many  fields 
seedt^  to  it.  Under  ordinary  circumstances  it  is  a  vigorous  grass, 
growing  3  to  5  and  often  6  feet  high  in  the  rich,  moist  valley  land. 
Because  of  its  rapid  growth  it  frequently  gives  two  to  four  cuttings 
yearly,  the  yield  being  from  3  to  5  and  sometimes  as  much  as  7  to  8 
tons  of  hay,  which,  if  cut  when  in  full  bloom,  is  rich,  soft,  and  much 
relished  by  stock.  Johnson  grass  is  not  recommended  for  cultivation 
by  farmers,  and  is  only  recommended  to  stockmen  who  do  not  care  to 
do  farming  further  than  to  grow  such  stuffs  as  will  make  good  rough 
stock  feed. 
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Ekot  Grass  {Patpalum  dislichum). 

There  is  no  difference  of  opinion  among  either  the  stockmen  or  the 
farmers  of  Texas  a*i  to  this  grass.  All  agree  that  it  is  one  of  the  most 
valuable  of  all  the  native  grasses  of  the  section.  It  is  to  be  found  in 
low,  moist  soils  throughout  central  Texas.  Under  suitable  conditions 
its  runners  wiU  often  giow  out  from  the  roots  20  to  30  or  more  feet, 
and  as  they  take  root  en  route  a  single  plant  will  furnish  a  large  quan- 
tity of  rich  feed.  It  has  a  creeping  habit  of  growth  which  rarely  admits 
of  its  being  cut  for  haj'  purposes.  Several  tests  were  made  in  the  grass 
garden  during  the  years  1898,  1899,  and  1900.  The  seeds  gathered  in 
the  neighborhood  were  sown  in  drills  and  broadcast  in  low,  moist  soils, 
and  no  difficulty  was  experienced  in  getting  excellent  stands.  The 
roots  were  vigorous  from  the  start  and  good  growths  of  stems  were 
secured,  which  rapidly  covered  the  ground  to  considerable  distaiices 
on  every  side.  The  habit  of  growth  is  similar  to  that  of  Bermuda 
grass,  but  knot  grass  is  coarser,  and  in  central  Texaja  is  the  stronger 
grower  of  the  two,  and  stands  long  periods  of  hot  and  dry  weather 
veiy  much  better.  No  native  grass  of  the  section  stands  more  rough 
treatment.  On  a  farm  not  far  from  the  station  it  was  noticed  by  the 
writer  that  the  horses  and  cattle  in  a  pasture  where  it  was  growing  in 
several  low  places  kept  it  eaten  down  as  close  to  the  roots  as  possible, 
and  yet  the  roots  were  strong  and  healthy.  It  can  be  propagated 
readily  by  sowing  the  seeds  or  by  planting  the  roots,  and  would  be 
very  useful  to  cover  naked  spots  in  lowland  pastures.  It  is  a  peren- 
nial and  its  local  name  is  "eternity  grass." 

LnTLE  Blub  Stem  {Andropogon  scopiirius  and  Adropogon  lorreyamu). 

These  are  two  varieties  of  gro^s  growing  as  natives  throughout  cen- 
tral Texas,  each  known  locally  as  little  blue-stem.  The  habit  of  growth 
is  similar  in  the  matter  of  roots,  st«ms,  and  lea^e.'^,  but  the  blooms  and 
seed  heads  of  the  latter  are  more  feathery;  hence  its  other  common 
name — feather  edge  or  feather  blue  stem.  The  former  seems  to  prefer 
the  low  lands,  but  is  often  to  be  found  in  the  higher  levels.  The  latter 
is  a  common  grass  on  the  high  and  dry  prairies.  It  grows  2  to  3  and 
sometimes  4  feet  high,  in  bunches,  and  in  the  early  autumn  matures  an 
abundance  of  seed.  When  cut  and  cured  it  makes  a  soft  hay,  which 
cattle  eat  with  relish.  Tests  made  in  the  station  garden  showed  that 
it  is  easily  propagated  from  the  seed.  Under  favoi-able  conditions  the 
roots  spread  and  develop  a  fair  .-iod.  Both  for  pasture  and  hay  pur- 
poses it  is  well  worth  the  attention  of  central  Texas  stockmen  and 
farmers. 

The  Millets. 

There  are  two  of  the  wild  millets  growing  pretty  well  throughout 
central  Texa-^.  Aiizona  millet  {Cluvtociiloa  macro^taehya)  is  to  be 
found  in  everj-  neighborhood,  largely  on  the  open  prairies,  "Wild 
millet"  is  to  be  found  principally  in  the  cultivated  fields,  and  is 
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regarded  a^  being  a  very  troublesome  weed.  Both  grow  so  well  as  to 
suggest  that  the  soil  and  climatic  conditions  of  the  section  are  espe- 
cially favorable  to  millets  generally.  They  grow  to  a  height  of  18  to 
30  inches,  mature  abundant  crops  of  seed,  produce  much  fodder,  and 
make  a  light  but  very  fair  hay.  A  lot  of  the  wild  millet  was  baled  on 
the  station  grounds  in  1899  and  1900,  and  the  bales,  when  opened  after 
several  months,  were  found  to  be  in  excellent  condition.  Encour- 
aged by  the  success  following  the  handling  of  these  two  wild  varieties, 
several  varieties  of  the  "tame"  millets  were  quite  thoroughlj'  tested. 
Seeds  of  (jerman  millet  (Chtetochloa  geiinanicd)  were  pui'chased  in 
the  open  market  and  plantings  were  made  in  1899  and  in  1900.  Hun- 
garian millet  was  also  carefully  tested,  as  were  the  Japanese  barn- 
yard millet  (Panicum  cms-gaUi),  a  variety  known  as  Shama  millet 
(J^nicum  Jrumentaoum),  pearl  millet  {Pennlsetum,  epicatu?n),  and  a 
variety  of  broom-corn  millet  {Panicum  mllaceum).  Without  going 
into  particulars  as  to  the  results  of  these  several  tests,  it  may  be  stated 
generally  that  all  of  them  were  found  to  be  well  worth  the  attention  of 
central  Texas  stockmen  and  farmers.  The  Hungarian  did  not  grow  so 
tall  as  the  others,  but  quite  high  enough  to  be  cut.  March  15,  1899, 
seed  of  the  Japanese  barnyard  millet  were  sown  in  thin  land,  on  a 
hillside,  and  yielded  heacily.  In  the  efforts  made  to  cure  it  it  was 
found  that  it  molded  easily  and  had  to  be  handled  very  carefully. 
Splendid  stands  of  the  Shama  millet  were  secured  from  plantings  of 
March  17  and  April  10,  1899,  and  most  excellent  results  were  secured. 
No  difficulty  was  experienced  in  the  efforts  made  to  cure  it,  and  the  hay 
that  was  baled  was  quite  equal  to  the  best  hay  grown  in  or  imported 
into  the  section.  Pearl  millet  seed  sown  April  18, 1899,  turned  out 
finely.  The  stalks  grew  to  be  6  to  7  feet  tall,  with  heads  8  to  10  inches 
long,  which  matured  well.  There  was  much  fodder  and  the  hay  made 
from  this  millet  was  baled  and  fed  to  the  stock,  which  at«  it  with  relish. 
The  broom-corn  millet  seed  sown  in  April,  1900,  gave  most  satisfactory 
results.  The  yield  was  large  and  the  seed  matured  before  July. 
There  is  no  reason  why  central  Texas  stockmen  and  farmers,  in  years 
of  ordinary  seasons,  should  fail  to  have  abundant  supplies  of  hay  for 
their  live  stock.  They  can  hardly  make  a  mistake  in  selecting  any  of 
the  millets  mentioned.  If  called  on  to  recommend  any  one  of  them  in 
preference  to  the  othei"8,  the  writer  would  find  it  difficult  to  decide 
between  them.  The  tests  made  in  the  grass  garden  were  in  drills  and 
also  broadcast,  but  very  little,  if  any,  difference  in  the  results  was 
noticeable.  For  a  crop  of  grain  for  seed  purposes,  perhaps  drilling 
gives  the  better  results. 

Needle  Grass  ( Arislida  fa»cictdala ) . 

As  a  winter  and  early  spring  grass,  nothing  on  the  central  Texas 
ranges  will  take  the  place  of  this  grass.    To  those  who  do  not  know 
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it  it  appears  to  be  very  much  of  a  nuiBEDce.  The  ripe  seeds  are  sharp 
and  sometimes  pierce  the  tongues  of  cattle,  and  become  fastened  in 
the  wool  of  sheep.  As  a  rule  cattle  do  not  eat  it  when  the  seeds 
are  ripe,  especially  when  there  is  other  grass,  but  after  the  needles 
fall  they  feed  on  the  stems  and  leaves.  Mixed  with  curly  mesquite 
and  buffalo  grass  in  quantities  and  with  fair  proportions  of  the  sev- 
eral varieties  of  the  grama  grasses,  it  helps  to  make  a  pasture  which 
is  all  that  reasonable  stockmen  and  farmers  could  desire.  It  is  among 
the  first  of  the  native  pasture  grasses  to  green  out  in  the  early  spring, 
and  all  through  an  average  winter  in  the  section  green  shoots  are  to 
be  found  about  the  roots,  which  are  protected  by  the  cured  sterna 
that  cling  thereto.  Its  drought- resisting  qualities  are  greater  than 
almost  any  other  native  pasture  grass.  No  other  grass  spreads  so 
rapidly  when  given  a  chance  to  mature  its  seed.  It  is  safe  to  aay 
that  it  is  about  the  earliest  of  all  the  pasture  grasses,  is  as  fatten- 
ing as  the  best,  is  more  geuei-ally  distributed  than  any  otiier,  and 
more  readily  reseeds  iteelf  than  the  others,  and  hence  contributes  more 
than  any  other  to  the  annual  renewal  of  the  range.  The  more  of  it 
there  is  on  a  central  Texas  cow  ranch  the  more  valuable  the  range. 
No  special  tests  were  deemed  necessary  to  determine  its  general  value, 
but  roots  were  taken  up  and  transplanted  to  determine  whether  it  could 
be  used  to  advantage  in  covering  naked  spots  in  pastures.  The  bunches 
so  planted  grew  and  developed  satisfactorily.  In  order  to  determine' 
how  far  it  could  be  utilized  in  efforts  to  renew  ranges,  furrows  were 
plowed  from  east  to  west  across  about  10  acres  of  station  pasture  land. 
This  was  done  in  early  spring,  when  the  seeds  of  the  needle  grass  had 
matured  and  fallen  to  the  ground.  The  prevailing  south  winds  blew 
them  by  millions  into  and  across  these  furrows,  where  they  were  caught 
by  the  soft  plowed  soil,  and  the  following  spring  the  furrows  were  well 
seeded  to  this  grass.  Elsewhere  in  this  report  the  particulars  of  this 
experiment  are  given. 

Rescue  Grabs  {Bromtu  unioUrUle*). 

This  is  not  a  native  grass  of  central  Texas.  Not  until  1898  was  it 
noticed  by  the  writer  in  this  section.  Then  he  found  it  only  in  the 
court-house  yard  in  Sweetwater,  Nolan  County,  and  along  the  reser- 
vation of  the  Texas  and  Pacific  Railroad,  which  extends  east  to  west 
across  several  central  Texas  counties.  Stockmen  in  several  counties 
stated  that  they  had  seen  it  occasionally  in  their  sections,  and  in  some 
neighborhoods  it  was  reported  In  quantities  sufficient  to  constitute  a 
rather  important  factor  in  the  make-up  of  the  ranges.  In  1899,  and 
again  in  1900.  a  few  bunches  were  noticed  in  different  parts  of  Taylor 
County,  away  from  the  railroad,  and  it  is  very  probable  that  it  will 
soon  spread  over  that  and  the  adjoining  counties.  It  is  believed  that 
the  first  introduction  was  due  to  the  seed  tailing  from  the  moving 
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freight  cars    in  which  reacue-grass  haj'  was    being  shipped.     Some 
Oregon-grown  seed   received  from  the  Agrostologist  was    sown   in 
the  gra88  garden  May   4,   1899.      An  excellent  stand  waa  secured, 
but  when  the  stalks  were  only  6  to  8  inches  tall    the  seed   heads 
began  to  form.     At  no  time  was  the  growth  vigorous,  and  by  Octo- 
ber 1  the  leaves  were  all  dead,  and  the  roots,  though  they  survived 
the  drought  of  that  year,   did  not   revive   after   the  autumn  rains 
began.     Some  seeds  of  the  volunteer  growth  on  the  Texas  and  Pacific 
Railroad    reservation    were 
gathered  in   1899  and  were 
sown  in  the  grass  garden  in 
the  spring  of  1900,  but  fol- 
lowing the   sowing  late   in 
May   there  was  a  dry  spell 
and   very   few,   if    any,   of 
them   germinated,   whether 
because  of  the  dry  weather 
or  because  the  seeds  were  not 
fully  matured  when  gath- 
ered   was    not  determined. 
As  no  satisfactory  testa  of 
this  gi-ass  were  made  in  the 
course  of  the  station  work, 
and    the    only    conclusions 
practicable  are  based  on  ob-' 
servations  as  to  the  volun- 
teer growth  referred  to,  no 
definite  recommendation  as 
to    the    grass    for    central 
Texas   is   ventured.      It    is 
the    belief    of    the   writer, 
however,   that   if  well-ma- 
tured seed  be  planted  any- 
where in  the  section,  under 
normal    conditions,    rescue 
grass  will  prove  a  very  val- 
uable addition  to  the  many  Fia.i.-B»c«eg™-. 
excellent  grasses,  native  and 

imported,  known  to  do  well  in  the  section.  Reports  from  other  sec- 
tions in  and  out  of  Texas  show  it  to  be  a  superior  grass  both  for 
hay  and  pasture  purposes.     (See  fig.  4.) 

The  Sbdqeb  (Cyperut  aad  Qtrex  epf.). 
These  are  not,  in  fact,  true  grasses,  but  as  they  are  distributed  over 
a  wide  extent  of  country,  including  Central  Texas,  and  in  the  early 
15015— No.  13—02 i 
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spi'JDg  furnish  an  abundaot  supply  of  fairly  good  green  forage,  they 
hare  a  recognized  value  among  atockmen. 

Smooth  Brome  Geabb  {Sromug  inermU). 

So  much  had  been  said  officially  and  unofficially  in  favor  of  thi^ 
grass  that  very  earnest  efforts  were  made  in  the  grass  garden  in  1S'.»8, 
1S90,  and  1900  to  determine  it^  adaptability  to  the  climatic  and  soil 
conditions  of  central  Texas.  Seeds  received  from  the  Agrostologist 
were  sown  October  i  and  November  16,  1898,  and  April  10,  1899. 
Those  sown  in  the  autumn  germinated,  but  the  grass  did  not  survive 
the  freezes  of  the  following  Febmary.  Those  sown  in  April  also 
germinated,  a  fair  stand  of  giaas  was  fjecured,  and  it  lived  through 
the  hot  and  dry  weather  of  .Tuly  and  August;  but  early  in  September 
it  gave  way,  and  the  roots  though  alive  did  not  rerive  after  the  autumn 
rains  began.  In  the  fall  of  1899  a  sowing  was  made  early  in  Novem- 
ber, hut  the  rainfall  in  that  month  was  only  0.24  inch,  iu  December 
only  0.30  inch,  and  in  January,  1901,  only  0.03  inch,  and  practically 
no  seeds  put  in  the  ground  after  Octolier,  1900,  germinated.  It  is  said 
to  withstand  the  severest  drought  and  cold,  and  is  highlj-  recom- 
mended as  an  excellent  pasture  gra.x»  and  as  a  second  quality  hay 
grass.  The  tests  made  as  above  at  the  grass  and  for^e  plant  station 
did  not  give  such  results  aa  justify  recommending  it  for  any  purpose 
to  central  Texas  stockmen  and  farmei's.  The  probabilities  are  that 
under  normal  conditions  it  will  do  well  in  the  section,  and  tests  on  a 
small  scale  may  be  made. 

THB  SOBQHruS. 

Under  this  general  head  mention  will  be  made  of  several  tests  made 
at  the  grass  station.  In  addition  to  the  varieties  well  known  all  over 
Texas,  three  not  so  well  known  were  tested  with  gratifying  results, 
namely,  Jerusalem  corn,  Kafir  corn,  and  milo  maize.  Plantings  of  seed 
of  Jerusalem  corn  were  made  in  April,  May,  and  June,  1899,  in  low, 
moist  land,  on  a  gravelly  hillside,  and  on  higher,  level,  dry  land.  The 
seeds  were  sown  in  drills  from  east  to  west,  beginning  in  the  valley 
and  ending  on  top  uf  a  rather  rough  hill.  Excellent  stands  were 
secured,  and  the  rainfall  being  good,  the  plants  grew  vigorously  until 
about  August  1,  Dunng  August  the  precipitation  was  only  0.10 
ipch,  only  0,44  inch  during  September,  and  nothing  during  Octo- 
ber till  about  the  16th,  when  the  precipitation  was  0,01  inch.  On 
October  26  the  first  rainfall  of  any  consequence  (^.09  inches)  since 
June  30  occurred.  During  all  these  dry  weeks  the  weather  was 
extremely  hot,  with-  hot  winds  blowing  nearly  all  day.  That  anj-  of 
the  forage  plants  revived  is  remarkable.  The  Jerusalem  corn  lived 
through  the  drought,  and  by  November  1  had  apparently  taken  a  new 
lease  on  life,  and  continued  to  grow  until  a  fair  crop  of  seeds  matured. 
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Kafir  coTD  and  milo  maize  hare  been  grown  in  many  neighborhoods 
through  central  Texaa  during  the  past  six  or  seven  years,  and  no  teats 
were  deemed  necessary  as  part  of  the  station  work  to  determine  their 
value  as  stock  feed,  but  tests  were  made  with  the  special  view  to 
determining  whether  the  cured  products  could  be  baled  successfully 
and  advantageously.  Seeds  of  both,  some  of  them  gotten  from  the 
Agrostologist  and  others  in  the  open  market,  weie  sown  in  the  grass 
garden  in  1899  at  the  same  dates  the  seeds  of  Jerusalem  corn  were 
sown.  Some  of  the  drills  of  eai-h,  where  the  stalks  stood  close 
together,  were  cut,  cured,  and  baled.  No  difficulty  was  experienced 
in  the  efforts  to  cure  them  in  shocks,  but  it  was  not  practicable  to 
make  the  bales  very  compact;  hence  the  hay  dried  out  considerably. 
The  varieties  of  Kafir  corn  grown  in  the  grass  garden  were  the  red 
and  the  black-hulled  white.  The  former  was  a  little  in  advance  of  the 
latter  in  maturing  seeds,  but  the  difference  was  trifling.  Varieties  of 
the  sorghums  mentioned  above  may  be  planted  fi-ora  April  to  July  in 
central  Texas,  and  under  normal  conditions  will  give  two  to  three 
cuttings,  and  mature  seeds  during  September. 

Of  the  several  varieties  of  the  saccharine  sorghums  t«sted  in  the 
grass  garden  all  were  found  to  be  fairly  well  adapted  to  the  climatic 
and  soil  conditions  of  that  section.  No  very  material  differences  were 
noticeable  in  them.  The  tests  were  not  made  except  to  determine 
whether  soi^bum  hay  could  be  baled  to  advantage  and  be  given  a 
commercial  value  by  putting  it  in  convenient  shape  for  shipping.  The 
amber  and  orange  are  about  the  only  varieties  grown  in  central  Texas, 
the  former  being  somewhat  earlier,  the  latter  being  regarded  as  about 
the  best  all-around  cane. 

In  this  connection  it  may  be  well  to  state  that  in  the  immediate 
vicinity  of  the  grass  garden  several  rows  of  corn  were  planted  to 
determine  the  drought-resisting  qualities  of  corn  as  compared  with 
sorghum.  The  results  of  that  test  were  very  deiinite.  The  sorghums 
not  only  lived  through  the  drought  mentioned,  but  matured  seeds  satis- 
factorily. The  corn,  on  the  other  hand,  gave  way  under  the  influence 
of  the  hot  winds  and  scant  moisture  and  never  revived.  As  to  the 
value  of  the  sorghums  for  forage  purposes  nothing  need  be  stated  in 
this  connection  beyond  the  general  conclusions  that  they  give  more 
and  better  fodder  than  corn,  and  their  matured  seeds  are  very  nearly 
as  valuable  as  corn  for  purposes  of  sustaining  and  fattening  stock. 

Texas  Blvb  Gbasb  (Po-i  arachnlfera). 

This  has  been  a  well  known  and  highly  valued  grass  during  many 
years  past  in  many  counties  east  and  south  of  central  Texas,  but  only 
during  the  past  two  or  three  years  has  it  made  its  appejirunce  as  far 
north  and  west  as  Taylor  County.  In  1900  it  was  noticed  by  the  writer 
growing  in  spots  in  several  places  in  the  county,  and  specimens  taken 
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from  the  range  were  sent  to  him  from  Callahan,  Jones,  and  Shackelford 
counties.  In  the  spring  of  1898  Prof.  Jared  G.  Smith,  of  the  Division 
of  Agrostology,  secured  roots  and  seeds  from  Collins  County  and 
northern  Texas  and  planted  them  in  one  of  the  station  pastures.  But 
the  roots  soon  died  under  the  influence  of  the  long,  hot,  and  dry 
Bummcr  of  that  year,  and  none  of  the  seeds  germinated.  In  the  spring 
of  1899  seeds  were  broadcasted  in  the  grass  garden,  on  a  small  square 
of  low,  moist  land.  There  was  practically  no  rain  thereafter  for 
several  weeks,  and  only  a  few  seeds  germinated  and  none  of  them  lived. 
Again,  in  1900,  some  seeds  were  sown  in  drills  in  the  garden,  but 
nothing  like  a  good  stand  was  secured,  and  the  roots  that  lived  into 
the  summer  were  never  vigorous.  It  is  officially  reported  to  be  a 
winter-growing  grass,  and  from  November  to  May  furnishes  an 
abundance  of  luxuriant  pasturage  in  sections  such  as  northern  Texas, 
suited  to  its  best  development.  The  t«sts  made  with  it  in  connection 
with  the  station  work  were  disappointing.  It  can  be  propagated  satis- 
factorily by  means  of  its  roots,  which  may  be  divided  into  bits  and 
planted  12  to  18  inches  apart  in  moist  fallow  lands.  It  may  be  well  for 
central  Texas  stockmen  and  farmers  to  use  the  roots  for  improving 
their  winter  pastures.     (See  PI.  I.) 

White  Top  Grabb  (THodia  albacau). 

This  is  an  excellent  hay  grass  for  central  Texas.  It  is  to  he  found 
pretty  generally  throughout  the  section,  principally  in  the  low- 
lands, where  it  grows  from  18  to  20  inches  high  and  produces  an  abun- 
dance of  soft  stems  and  leaves.  No  special  tests  were  made  with  it  in 
the  grass  garden,  as  it  is  well  known  and  needs  no  special  commenda- 
tion. It  is  easily  prop^ated  from  the  seeds,  which  may  be  gathered 
■n  the  early  autumn.  It  would  pay  those  interested  to  cultivate  it  for 
hay  purposes. 

Wild  Rtb  {Elymut  eanadeimg). 

This  is  by  far  the  most  valuable  of  ail  the  first-class  native  hay 
grasses  of  central  Texas,  and  since  it  is  also  a  splendid  pasture  grass,  it 
is  only  fair  to  say  that  it  deserves  the  highest  consideration  at  the 
hands  of  stockmen  and  farmers.  In  all  the  valley-land  section  it  is 
found  growing  in  rich  soil  near  streams,  but  it  will  grow  and  do  well 
on  the  higher  levels.  The  writer's  attention  was  first  attracted  to  it  by 
the  fact  that  in  the  earlj'  part  of  June,  1899,  when  no  other  range 
grasses  of  the  section  had  begun  to  green  out,  he  found  it  4  to  5  inches 
high  in  the  valley  of  Indian  Creek,  in  Taylor  County.  By  arrangement 
with  Mr.  P.  O.  Forbus,  on  whose  place  the  grass  was  growing,  about 
an  acre  was  cleared  of  brush  and  the  former  year's  weeds,  and  the 
surface  of  the  ground  was  broken  with  an  iron-tooth  harrow.  By  the 
opening  of  spring  a  splendid  stand  of  this  grass  had  been  secured  two 
to  three  weeks  in  advance  of  others  in  the  neighborhood.     By  June  5 
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it  was  high  eoough  to  be  mowed,  and  a.  heavy  crop  of  hay  was  secured. 
By  July  8  a  second  crop  was  secured,  the  Bundles  measuring  from  20 
to  30  inches  in  length.  A  long,  dry  spell  of  very  hot  weather  followed 
this  second  cutting,  but  the  grass  continued  comparative!}'  green  and 
growing  through  it  all,  while  the  upland  grass  and  the  other  \'alley 
grasses  suffered  very  much.  In  November  a  third  crop  of  hay  wascut, 
which  averaged  about  15  inches  in  length.  In  the  spring  of  1900  the 
same  spot  was  again  cultivated  with  the  iron-tooth  harrow,  together 
with  about  2  acres  more  in  the  valley.  Growing  during  the  early 
spring  and  summer  aide  by  side  with  a  splendid  field  of  wheat  on  rich 
fallow  land,  the  native  perennial  growth  of  wild  rye  held  its  own, 
standing  very  nearly  if  not  quite  as  thick  on  the  ground  as  the 
wheat,  and  growing  much  taller.  Two  crops  of  excellent  hay  were 
secured,  the  first  after  the  seeds  were  fully  formed,  the  second 
just  before  the  second  growth  of  seeds  appeared.  The  grass  was 
ricked,  readily  cured,  and  haled,  and  no  hay  grown  in  or  imported  into 
ceutral  Texas  looked  better,  or  in  fact  was  better,  than  the  wild-rye 
bay.  A  bale  of  the  seeded  hay  and  one  that  was  not  seeded  were  sent 
to  the  Division  of  Agrostology,  Washington  City,  where  it  was  pro- 
nounced to  be  of  superior  quality.  Stock  are  exceptionally  fond  of 
the  green  grass  as  well  as  the  hay.  It  is  about  the  earliest  pasture 
grass  of  central  Texas,  and  may  be  relied  on  to  continue  green  as  far, 
if  not  farther,  into  the  winter  months  than  any  of  the  native  grasses 
of  the  section. 

Wild  Timothy  (MuhUnbergiaracemota). 

This  is  not,  in  fact,  a  timothy  grass,  but  in  general  appearance 
resembles  it,  and  is  known  locally  as  wild  timothy.  It  was  found 
growing  on  Indian  Creek,  in  Taylor  County,  in  quantities,  and  later 
was  found,  a  bunch  here  and  there,  in  several  other  sections  of  cen- 
tral Texas,  always  in  low,  moist  soils,  and  always  vigorous  looking. 
It  grew  38  to  64  inches  high  and  produced  seeds  and  fodder  abundantly. 
Seeds  gathered  in  1899  and  sown  in  the  grass  garden  gave  satisfac- 
tory results.  Enough  of  the  grass  as  found  growing  on  Indian  Creek 
was  cut  and  cured  to  make  a  fair-sized  bale.  This  was  opened  and 
examined  several  months  later  (during  February,  1901)  and  was  found 
to  be  in  good  condition— -quite  equal  to  anj'  of  the  baled  gi'asses 
imported  into  central  Texas.  Farmers  in  Taylor  and  Eastland  coun- 
ties who  know  it  well  state  that  their  stock  prefer  this  grass  to  most 
of  the  others  growing  on  their  places.  An  acre  of  fairly  rich  moist 
Utnd  seeded  down  to  wild  timothy  ought  to  produce,  in  a  fair  season, 
2  to  3  tons  of  the  best  quality  of  hay. 

DiasR  Cbntkal  Texas  Grasbeb. 

In  a  general  way  it  may  be  stated  that  throughout  central  Texas 

the  variety  of  native  gi'asses  of  substantial  value  is  large,  and  if  stock- 
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meD  and  farmers  of  the  section  realized  the  possibilities  of  their 
ranges  and  meadows  they  would  place  higher  money  values  on  their 
properties.  In  a  400-acre  winter  pasture  in  Mitchell  County,  owned 
by  Mr.  B.  Van  Tuyl,  the  writer  pointed  out  to  the  owner  56  dif- 
ferent grasses  and  forage  plants,  all  natives.  In  addition  to  the  native 
gi-asses  above  enumerated,  others  well  worth  the  consideration  of 
central  Texas  stockmen  and  fanners  might  be  noted,  but  it  is  believed 
that  a  sufficient  number  have  been  mentioned  to  demonstrate  to  those 
most  interested  the  very  great  possibilities  of  the  section  for  live- 
stock purposes. 

It  may  be  wel"  also  to  mention  that  while  a  fair  proportion  of  the 
gi-asses  not  natives  tested  in  the  grass  garden  were  found  to  be  valu- 
able for  the  section,  and  well  worth  the  consideration  of  stockmen 
and  fannei's,  a  large  number  were  found  to  be  entirely  unsuited  to  its 
climate  and  soil  conditions. 

Legumes  in  Central  Texas. 

Among  the  most  interesting  of  the  experiments  made  in  the  grass 
garden  were  those  with  several  varieties  of  alfalfa,  beggarweeds, 
butterfly  pea,  the  clovers,  the  cowpeas,  the  Canada  field  pea,  gram  or 
chick  pea,  the  Metcalfe  bean,  soy  bean,  siilla,  sanfoin,  Texas  pea,  vel- 
vet bean,  the  vetches,  and  a  native  wild  bean  that  specially  attracted 
the  attention  of  the  writer.  These  experiments  clearly  demonstrated 
that  the  climate  and  soils  of  central  Texas  are  favorable  to  the  growth 
and  best  development  of  a  larger  number  of  the  legumes  than  had 
previously  been  supposed.  The  following  notes  cover  the  most  impor- 
tant tests. 

Alfalfa  or  Luckbn  {Metlkago  aatira). 

During  the  several  years  immediately  preceding  the  establishment 
of  the  grass  and  forage  station  (in  IS08)  farmers  of  central  Texas 
experimented  with  the  common  alfalfa.  The  writer  visited  several 
farms  in  the  section  where  tests  had  been  and  were  being  made,  but 
as  they  were  on  irrigated  farms  and  the  station  work  was  instituted 
and  conducted  distinctly  to  determine  what  grasses  and  forage  plants 
could  be  grown  successfully  in  the  section  without  irrigation,  no  fur- 
ther mention  of  them  need  be  made  here.  Special  mention  will  be 
made,  however,  in  this  connection  of  tests  made  near  Merkel,  in  Tay- 
lor County,  Tex.,  by  Major  Garote,  a  retired  United  States  Army  offi- 
cer, who  is  devoting  much  attention  to  developing  the  resources  of  the 
aection  as  a  grass  and  fruit  country.  About  1895  he  sowed  lucern 
in  sandy  land,  and  had  no  difficulty  in  securing  a  good  stand.  The 
growth  was  satisfactory,  but  was  kept  eaten  down  by  rabbits,  which 
swarmed  into  his  alfalfa  patch.  After  trying  during  two  years  to 
grow  the  crop  faster  than  the  rabbits  could  eat  it  down,  he  abandoned 
the  project  and  plowed  up  the  roots,  except  those  near  a  fence  row, 
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and  be  left  those  nndiatarbed  only  because  ho  could  not  get  at  them 
conveniently  with  the  plow.  In  1898  the  roots  left  developed  aston- 
ishingly, and  in  1899  the  stalks  were  too  large  and  too  tough  to  suffer 
seriously  on  account  of  the  rabbits.  In  1900,  when  the  writer  visited 
the  Garote  farm,  he  found  the  alfalfa  growing  as  vigorously  as  any 
one  could  reasonably  wish  without  any  cultivation  at  all.  Bunches, 
each  one  of  which  would  have  furnished  a  good  sized  bundle,  were 
examined,  some  of  them  24  to  36  inches  high,  and  the  stalks  were  well 
leaved  and  full  of  blossoms  and  seeds.  In  March,  1898,  Prof.  Jarod 
G.  Smith  sowed  a  plot  of  the  station  grass  garden  with  lucern  on 
freshly  broken  sod.  A  rather  thin  stand  was  secured,  and  thedroufrht 
of  that  year  was  very  hard  on  it.  In  the  autumn  following  the  roots 
that  survived  began  a  vigorous  growth,  but  the  most  of  them  were 
destroyed  by  prairie  dogs  and  rabbits,  which  congregated  on  the 
alfalfa  plot  from  far  and  near.  In  October,  1898,  the  plot  was  plowed 
deep  and  a  surprising  number  of  roots  were  found  still  alive.  The' 
following  spring  (1899)  they  made  a  vigorous  growth,  and  a  small  plot 
(about  25  by  25  feet)  on  which  there  was  a  satisfactory  stand  was  set 
apart  for  further  tests.  In  the  meantime  the  garden  had  been  fenced 
in  with  woven  wire  and  the  prairie  dogs  and  rabbits  shut  out.  By 
June  the  stalks  were  18  to  27  inches  high,  and  a  first  cutting  was  made; 
July  2  a  second  cutting  was  made,  many  of  the  stalks  measuring  24  to 
28  inches;  July  22  a  third  crop  was  ready  for  cutting,  some  of  the 
stems  measuring  18  to  20  inches  in  length.  From  November  1  to 
July  there  was  abundant  rainfall  for  the  section  and  season.  The 
alfalfa  on  this  spot  made  a  splendid  growth  in  1899  and  in  1900,  and 
in  March,  1901,  when  the  station  was  turned  over  to  its  owner,  there 
were  roots  growing  from  3  to  6  feet  down  into  the  heavy  soil  nearly 
&s  strong  and  vigorous  apparently  as  in  the  Garote  farm  of  lighter 
sandy  soil.  In  1899  (April  25)  alfolfa  seeds  were  sown  in  the  garden 
in  drills.  Good  stands  were  secured,  and  the  growth  was  satisfactory 
up  to  about  June  20,  by  which  time  there  was  a  severe  drought.  By 
August  1  the  foliage  was  dried  up,  and  even  the  roots  appeared  to  be 
dead  or  dying.  October  26  a  good  rain  fell,  and  in  a  few  days  green 
leaves  had  started  from  the  roots,  and  by  the  beginning  of  winter 
(December  1)  the  new  growth  was  8  to  10  inches  high.  During 
November  there  were  several  frosts,  but  the  alfalfa  continued  green 
through  the  winter. 

Turkestan  Alfalfa  {Medieago  saliva  var.  lurteelanu:a). 
In  April,  1899,  seeds  of  alfalfa  from  Bokhara.  Tashkend,  and  Samar- 
kand— all  in  Russian  Turkestan — were  sown  in  the  grass  garden  in 
drills.  About  the  same  time  seeds  of  the  common  lucern  were  also 
sown  in  the  garden.  The  Turkestan  variety  came  up  quite  as  well  as 
the  other,  and  quite  as  good  a  stand  was  secured.     The  drought  of 
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that  year  was  protracted  and  very  severe,  aod  both  varieties  suffered 
greatly — the  common  lucern  more  than  the  other.  By  August  the 
plants  began  to  fail,  and  by  September  the  roots  looked  to  be  dead  or 
dying.  Immediately  following  the  October  rains  noted  above  the 
roots  revived,  and  by  the  middle  of  November  a  vigorous  growth  of 
new  foliage  had  been  made,  and  continued  green  through  the  winter. 

Oabu  Alfalfa. 

Three  plantings  of  seeds  of  Oasis  alfalfa  from  Tunis  were  made  in 
the  grass  garden  during  1899.  The  first,  in  February,  did  not  give 
good  results.  On  account  of  several  frosts  the  seeds  failed  to  ger- 
minate. In  April  seeds  were  sown  in  two  plots,  one  in  low  and  rather 
damp  soil,  the  other  on  higher  and  dryer  land.  Excellent  stands  were 
secured  and  the  growth  was  vigorous  from  the  start.  By  July  30  the 
drought  was  on  and  the  plants  were  looking  wilted.  By  August  1  the 
leaves  had  fallen  off  and  the  roots  appeared  to  be  dead.  Immediately 
following  rain  on  October  26,  the  roots  began  to  put  out  new  foli^;e, 
which  by  November  15  was  8  to  12  inches  tall.  By  December,  in  apit« 
of  the  frosts  of  November,  the  plot  was  green,  and  continued  so  during 
the  winter.  The  following  spring  (1900)  both  plots  developed  satis- 
factorily in  spite  of  the  long  dry  and  hot  spell  of  that  year,  stood 
up  well,  and  went  through  the  autumn  and  winter  in  good  shape.  In 
March;  1901,  when  the  station  was  turned  over  to  the  owner,  this 
variety  was  looking  more  vigorous  than  either  of  the  others. 

As  the  result  of  these  several  experiments  with  alfalfa  it  appears 
reasonably  certain  (1)  that  all  the  varieties  named  can  be  grown  suc- 
cessfully without  irrigation  in  central  Texas;  (2)  that  during  seasons 
when  the  rainfall  is  abundant  the  common  alfalfa  or  lueern  will  do 
better  than  the  Turkestan  varieties,  and  they  rather  better  than  the 
oasis  alfalfa;  (3)  that  during  the  long  dry  spells  that  are  frequently  to 
be  expected  throughout  the  section  the  oasis  alfalfa  will  hold  its  own 
better  than  the  Turkestan  varieties,  and  they  better  than  the  common 
lucern;  (4)  that  sandy  soils  are  better  for  lucern  tnan  the  heavier  soils, 
as  they  hold  moisture  longer. 


Flosida  Bkgoabwffd  [Detmodium  toHutmim). 

Seeds  of  this  plant  were  secured  direct  from  Florida  and  sown  in 
the  grass  garden.  An  excellent  stand  was  secured.  The  plants  grew 
vigorously,  and  notwithstanding  the  ground  was  upland,  very  rocky, 
and  very  thin,  the  growth  was  larger  than  desired;  that  is  to  say,  the 
plants  developed  into  bushes  from  4  to  6  feet  tall,  the  stems  being 
woody  and  altogether  too  coarse  for  hay  purposes.  As  the  leaves 
shed  easily,  unleas  the  plants  are  grown  very  thick  on  the  ground  to 
insure  the  stems  being  small,  it  will  not  be  practicable  to  bale  the  hay. 
If  grown  so  that  it  can  be  baled  to  advantage,  a  great  abundance  of 
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superior  feed  for  stock  can  be  grown  on  a  few  acres,  as  the  foliage 
and  seeds  are  rich  in  the  best  hay  propertieM,  Aa  a  renovator  of 
worn-out  soils  or  as  a  green  manure  nothing  better  can  be  recom- 
mended. Stockmen  and  farmers  will  do  well  to  familiarize  themselves 
with  the  be^^arweed.  It  is  confidently  believed  that  in  years  of 
normal  rainfall  in  central  Texas  8  to  10  tons  can  be  grown  to  the  acre 
on  rich  valley  lands.  In  the  southern  States  lai^e  crops  of  it  are 
grown  after  crops  of  oats  are  harvested.  For  ensilage  puiposes  it  is 
known  to  have  a  very  definite  value. 

THE   CLOVEB8. 

Outside  of  the  grass  and  forage  plant  station  verj'  few  efforts  have 
been  made  in  central  Texas  to  grow  any  of  the  clovers,  and  yet  it  is  a 
fact  that  some  of  them  can  be  grown  to  advantage.  During  1898  seeds 
of  several  varieties  were  sown  in  the  grass  garden.  Prairie  clover 
{Kuknist^a)^  common  throughout  the  prairie  region,  produces  on  the 
range  a  fair  amount  of  very  good  forage,  which  is  relished  by  stock. 
It  is  not  believed  that  it  would  pay  to  cultivate  it. 

AuiKB  Clovbb  {Trifolium  hybridum). 
In  1900  (March  10)  several  rows  of  this  clover  were  planted  in  the 
grass  garden.  A  very  good  stand  was  secured  and  the  plants  grew 
nicely.  During  the  hot  and  dry  month  of  June  they  suffered  very 
much,  but  revived  after  the  normal  rainfall  during  July.  In  August 
they  again  had  a  wilted  l<Jok,  but  the  roots  survived,  and  by  September 
5  were  growing  again.  During  September  the  rainfall  was  exceptionally 
large  {9.65  inches)  and  by  October  the  plants  had  made  a  satisfactory 
growth.  October  was  a  seasonable  month  and  the  development  was 
good.  There  was  but  little  rainfall  during  November,  December,  and 
January  (1901)  (0.24,  0.30,  and  0.03  inch,  respectively).  During  Feb- 
ruary, 1901,  the  precipitation  was  only  1.44  inches.  The  shortage  was 
rather  serious  during  March,  being  only  0,72  inch.  During  Novem- 
ber there  was  considerable  frost.  In  December,  January,  and  Febru- 
ary, there  was  decided  winter — frequent  killing  frosts.  March  was 
also  a  cold  month.  These  conditions  were  hard  on  the  plants,  which 
had  not  bad  a  fair  chance  to  form  strong  roots.  Early  in  December 
they  b^an  to  fail,  and  by  March  were  to  all  appearances  badly  dam- 
aged. However,  when  the  station  lease  expired  (March  19)  and  the 
station  was  given  up  to  the  owner  practically  every  root  of  the  alsike 
clover  bad  begun  to  put  out  new  shoots. 

BnR  Clovbb  {Medtcago  maculaia,  Medicago  denticviaia). 

In  1898  the  writer  found  the  variety  first  mentioned  growing  in 
Mitchell  County  near  Colorado  City.  In  all  probability  the  seeds 
were  brought  from  California  in  the  wool  of  sheep  which  had  been 
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shipped  into  the  county  from  that  State  in  lai^e  numbers  from  1883 
to  1887.  It  was  growing  vigorously,  but  not  in  quantities  sufficient  to 
make  it  anything  of  a  factor  in  the  matter  of  for^e  supply.  In  the 
spring  of  1899  seeds  of  the  latter  variety  were  sown  in  the  grass 
garden.  Only  a  few  germinated,  hence  only  a  few  bunches  were 
secured.  They  grew  well  and  remained  green  till  August.  The 
drought  of  that  year  destroyed  most  of  the  roots.  In  December 
those  that  survived  greened  out  nicely  and  went  into  the  spring  of 
1900  in  good  shape.  The  runners  grew  to  be  3i  to  4  feet  long  and 
the  leafage  was  exceptionally  good.  In  the  spring  of  1900  other 
seeds  were  sown,  but  in  a  rather  cloddy  soil,  and  none  of  them  germi- 
nated. Here  lies  the  only  serious  difficulty  in  the  matter  of  growing 
bur  clover  in  central  Texas — it  is  very  difficult  to  secure  good  stands. 
Nothing  tested  in  the  grass  garden  showed  better  drought-resisting 
qualities,  and  it  is  believed  that  a  good  stand  once  secured  (which  is 
quite  porisible.  though  difficult)  will  yield  satisfactory  results.  It  is 
liable,  however,  to  be  winterkilled,  and  to  this  extent  is  not  regarded 
as  a  very  certain  forage  crop.  The  writer  studied  the  bur  clover  in 
California  pastures,  and  as  the  result  of  his  obsei-vations  and  personal 
experiences  with  it  can  recommend  that  it  be  further  tested  in  central 
Texas.  It  is  believed  that  the  best  time  for  sowing  the  seeds  in  this 
section  is  in  the  autumn  months,  say  during  October  and  as  late  as 
November. 

MiuuOTH  Clovke  { IVi/oiium  medium). 

It  was  believed  that  this  variety,  known  also  as  sapling  clover, 
would  do  better  in  central  Texas  than  the  common  red  clover,  which  it 
much  resembles,  as  its  habit  of  growth  is  more  vigorous  as  a  rule.  A 
few  seeds  were  sown  broadcast  in  the  grass  garden  in  1899,  but  an 
indifferent  stand  was  scc'ured  and  the  few  plants  were  much  crowded 
and  injured  by  weeds,  and  most  of  them  were  killed  in  the  efforts  to 
destroy  the  weeds.  The  growth  was  never  vigorous,  and  when  the 
drought  came  on  every  plant  died.  March  20  a  plot  of  the  grass 
garden  was  planted  with  seeds  of  this  variety,  in  drills,  A  good  stand 
was  secured  which  was  afterwards  reduced  by  cutworms,  The  plants 
left  went  through  the  summer  very  well,  but  many  of  the  roots  were 
wint«rkilled.  Those  that  survived  greened  out  in  the  spring  of  1901, 
and  on  March  19  were  growing  and  developing  satisfactorily.  As  this 
single  test  of  the  variety  was  very  inconclusive  in  results,  the  only 
suggestion  ventured  is  that  further  tests  should  be  made,  the  proba- 
bility being  that  it  will  be  found  to  be  fairly  well  adapted  to  local 
conditions. 

Red  Cloves  (Tri/olkim prolenee). 

The  efforte  made  to  grow  red  clover  in  the  grass  garden  were  mostly 
failures.  In  April,  1899,  two  plantings  were  made,  broadcast,  one  in 
low  and  moist,  the  other  in  higher  and  drier,  soil.     Excellent  stands 
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were  secured  and  the  plants  grew  vigorously  and  promised  satisfactory 
results.  The  weed  growth  of  the  season  was  heavy  and  many  of  the 
clover  root-s  were  choked.  Early  in  May,  in  epite  of  this  difficulty, 
the  plants  were  8  to  16  inches  high  and  continued  green  through  June 
and  until  late  in  July.  The  latter  part  of  July  and  the  early  days  of 
August  were  exceptionally  hot,  even  for  this  section.  By  September 
very  few  of  the  roots  were  alive,  and  none  of  them  survived  the 
winter. 

January  19, 1901,  seeds  of  red  clover  were  drilled  in  the  grass  garden 
with  wheat,  on  the  presumption  that  as  a  nurse  crop  the  wheat  would 
protect  the  young  roots  through  the  winter  and  spring  and  enable 
them  to  enter  the  summer  with  a  strong  root  development.  Only  a 
few  of  the  seeds  germinated,  however,  and  they  were  never  vigor- 
ous. A  few  seeds  were  drilled  in  the  garden  March  20,  1900.  They 
germinated  very  satisfactorily,  but  the  plants  were  never  very  strong. 
They  survived  during  the  hot  and  dry  summer  months,  but  most  of 
them  were  winterkilled. 

Russian  Red  Clover  (Trifolium praleme  var.  pallida). 

Only  one  test  was  made  of  this  variety  in  the  grass  garden.  March 
20  seeds  were  drilled,  a  good  stand  was  secured,  and  the  plants  grew 
well.  They  went  through  the  hot  and  dry  months  fairly  well  and 
made  a  satisfactory  growth,  but  many  of  them  were  winterkilled. 
March  19  the  roots  had  greened  out  well.  Altogether,  the  variety  seems 
better  adapted  to  local  conditions  than  the  common  red  clover,  but  the 
results  of  the  tests  do  not  justify  more  than  a  general  suggestion  that 
it  should  be  given  further  tests,  with  the  probabilities  in  favor  of  good 
results. 

Sweet  Cloveb  (Melilofie  alba). 

Of  all  the  clovers  tested  in  the  course  of  the  station  work  near 
Abilene,  none  gave  nearly  such  satisfactory  results  as  thU  variety. 
Only  one  test  was  made,  and  that  under  conditions  far  from  favorable, 
yet  the  results  were  eminently  satisfactorj-.  Seeds  were  drilled  in 
low,  rather  moist,  fertile  soil,  March  IS,  and  apparently  every  seed 
germinated  quickly.  The  stand  secured  was  all  that  could  have  been 
wished  for.  From  the  start  the  plants  grew  vigorously  and  were  soon 
quite  2  feet  high  on  an  average,  and  a  fair  crop  of  seeds  was  matured. 
In  one  row,  near  the  banks  of  the  water  hole  in  which  water  stood  the 
greater  part  of  the  spring  and  into  the  early  summer,  the  growth 
was  very  strong.  Many  of  the  plants  measured  3^  to  4  feet  high. 
The  leafage  of  all  the  plants  in  the  garden  was  heavy  and  a  fair  crop 
of  seeds  was  matured.  During  the  hot  and  dry  weather  of  June,  July, 
and  August  the  plants  suffered,  many  of  the  leaves  falling  off.  The 
month  of  September  was  hot,  but  the  rainfall  was  exceptionally  heavy, 
and  under  such  influences  the  sweet  clover  revived  and  went  into  the 
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winter  in  vigorous  condition.  It  suffered  little,  if  any,  on  account 
of  the  frosta  of  December,  1900,  and  January  and  February,  1901. 
March,  1901,  was  a  cold  month  for  central  Texas,  but  every  root  of 
the  sweet  clover  on  March  19,  when  the  station  work  closed,  was  alive 
and  vigorous.  No  effort  was  made  to  convert  the  green  growth  into 
hay.  Had  the  plants  been  cut  when  young  and  tender,  doubtless  a  good 
qimlity  of  fairly  soft  hay  could  have  been  secured.  The  cutting,  how- 
ever, was  done  when  they  were  2  to  3  feet  high  and  the  stems  were 
woody,  A  couple  of  bales  of  the  hay  were  made,  one  of  which  was 
given  to  Mr.  P.  O.  Forbua  (foreman  of  the  station  working  force), 
who  placed  it  in  his  own  barn,  where  it  perfumed  his  entire  hay  crop. 
The  other  bale,  made  in  the  summer  of  1900,  was  opened  in  April, 
1901,  and  fed  to  a  horse  and  a  cow.  The  horse  ate  a  part  of  it,  with- 
out much  relish,  but  the  cow  greedily  ate  the  balance.  Several  tests 
have  been  made  of  the  sweet  clover  in  the  Abilene  country,  in  every 
case  with  satisfactorj-  results.  Mr.  F.  C.  Digby-Roberts,  now  mayor 
of  Abilene,  saved  it  for  his  honeybees,  and  was  much  pleased  with  the 
results.  Others  tested  it  as  a  green  forage  crop.  They  found  that 
cattle  and  horses  did  not  relish  it  much  at  first,  but  as  it  was  green 
before  anything  else  on  the  range,  they  soon  took  kindly  to  it  and  ate 
it  readily.  Some  roots  of  this  clover  dug  up  in  the  grass  garden  and 
sent  to  tiie  Division  of  Agrostology,  Washington,  D.  C. ,  were  surpris- 
ingly long  and  large.  It  is  deemed  safe  to  recommend  sweet  clover 
for  green  for^e  and  hay  purposes  to  central  Texas  stockmen  and 
farmers. 

Whitb  Cloveh  ( Trtfolium  repent) . 

The  tests  made  in  the  grass  garden  with  this  ^-ariety  were  not  satis- 
factory. Seeds  were  sown  broadcast  in  the  spring  of  1899,  and  a  thin 
stand  only  was  secured.  At  no  time  were  the  plants  vigorous.  Dur- 
ing the  summer  most  of  the  roots  died,  and  those  that  survived  were 
winterkilled.  November  13, 1900,  seeds  were  drilled,  but  only  in  low, 
moist,  fertile  soil.  Very  few  of  them  germinated.  The  few  roots 
secured  did  not  grow  well  and  most  of  them  did  not  survive  the  hot 
and  dry  summer  months.  During  the  succeeding  winter  every  root 
left  was  killed.  As  at  its  best  this  variety  produces  but  a  small  quan- 
tity of  green  forage  or  hay,  it  is  not  recommended  to  central  Texas 
stockmen  or  farmers. 

PEAS  AND   BEANS. 
CowPBA  (  Tiyiia  caljang). 

During  the  season  of  1899  about  sixteen  varieties  of  cowpeas  were 
tested.  In  every  case  the  results  were  satisfactory.  The  seeds  were 
planted  in  drills  3  feet  apart,  and  as  long  as  the  season  permitted  the 
ground  was  kept  stirred  between  the  rows  and  about  the  roots.  The 
plantings  were  all  made  the  same  day— April  11.     Good  stands  were 
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secured,  the  plante  grew  well  from  the  start,  and  all  of  them  matured 
seeds  in  spite  of  the  very  unfavorable  season.  Early  in  August  it  was 
seen  that  the  vines  were  suffering  and  shedding  their  leaves.  Most  of 
them  were  cut,  cured,  and  baled,  and  a  comparatively  large  quantity  of 
an  excellent  quality  of  hay  was  saved,  and  through  the  following  win- 
ter was  fed  to  and  greedily  eaten  by  cattle.  Some  of  the  vines  were 
cat  with  their  fully  formed  but  unripe  fruit  pods  attached.  These 
poda  cured  readily  with  the  stems  and  leaves  and  added  no  little  to  the 
fattening  value  of  the  hay.  Some  seeds  of  each  variety  were  saved 
and  planted  in  the  spring  of  1900.  The  general  results  were  about  the 
same  as  were  secured  in  the  former  season.  It  is  difficult  to  determine 
as  to  the  relative  values  of  the  many  varieties  tested,  as  all  of  them 
were  satisfactory.  It  is  well  known  that  the  cowpea  as  a  soiling  crop 
is  one  of  the  best.  As  it  produces  in  abundance  fruit  rich  in  all  the 
special  elements  of  a  Srst-cla^s  stock  feed,  it  is  highly  valued  by  those 
who  know  it  best.  The  green-vine  product  is  one  of  the  richest  of 
stock  foods,  and  when  cured  is  a  very  valuable  hay.  Central  Texas 
stockoien  and  farmers  are  earnestly  recommended  to  sow  considerable 
areas  of  their  farms  each  year  to  cowpeas.  They  can  hardly  make  a 
mistake  in  the  matter  of  variety. 

Field  Pea. 

A  few  seeds  of  the  Canada  field  pea  were  planted  April  10,  1S99,  in 
the  grass  garden.  Only  a  poor  stand  was  secured,  but  the  vines  grew 
well,  with  a  great  deal  of  stem  that  was  covered  with  leaves,  bloomed 
well,  and  matured  abundantly.  They  had  practically  run  their  course 
before  the  hot  and  dry  summer  winds  commenced.  The  vines  and 
seeds  are  very  similar  in  appearance  to  the  well-known  English  or 
garden  pea.  In  the  early  spring  of  1900  some  of  the  peas  saved  from 
the  crop  of  1899  were  sown  in  drills  3  feet  apart,  very  thick  in  the 
rows,  the  purpose  being  to  test  the  value  of  this  variety  for  forage 
purposes.  An  excellent  stand  was  secured,  and  the  vines  grew  luxuri- 
antly and  fruited  satisfactorily.  When  the  pods  were  fuUy  formed, 
but  before  the  peas  were  ripe,  the  vines  were  cut,  cured  without  diffi- 
culty, with  the  seed  pods  attached,  and  baled.  The  bales  were  exam- 
ined during  the  winter  following  and  the  hay  fed  to  a  horse  and  a  cow, 
each  of  which  ate  it  with  relish.  Some  of  the  vines  and  seed  pods 
were  fed  green  to  cattle  and  a  horse  and  were  eaten  with  relish  by 
all.  As  this  variety  of  pea  will  produce  an  abundant  and  early  crop 
for  forage  or  seed,  it  will  pay  those  having  stock  to  feed  to  cultivate  it. 

Grak  ok  Chick  Pba  (CiceraHefinum). 

This  is  a  curious-looking  plant,  but  little  known  in  this  country, 
though  it  has  been  cultivated  in  Asia  Minor  during  the  past  thirty 
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centuries,  its  seeds  being  highly  valued  as  a  cattle  food  and  as  fui 
article  of  human  diet.  The  plant  itself,  however,  ifl  unsuited  for  preen 
forage,  as  it  is  covered  with  a  clammy  exudation  consisting  largely  of 
oxalic  acid.  A  few  of  the  peas  were  drilled  in  the  grass  garden  and 
practically  every  one  of  them  germinated.  The  plants  quickly  grew 
to  a  height  of  18  to  20  inches  and  matured  an  excellent  crop  of  seede. 

Metcalf  Bban  (Phageolu*  Tdiitus). 

The  writer  hesitates  to  express  an  opinion  as  to  the  merits  of  this 
perennial  legume.  It  had  been  represented  to  him  as  being  a  very 
valuable  native  of  western  Texas  and  Kew  Mexico,  with  largo  drought- 
resistant  qualities,  and  he  was  anxious  to  give  it  every  advantage  in 
the  matter  of  cultivation,  A  few  seeds  were  received  from  the 
Division  of  Agrostology  and  a  few  from  Mr.  James  R.  Metcalf,  of 
Silver  City,  N.  Mex.,  who  was  the  first  to  introduce  the  plant  into 
cultivation  several  years  ^o.  Plantings  were  made  March  21,  April 
11,  and  March  18,  1899.  Good  stands  were  secured,  and  the  vines 
quickly  grew  to  be  from  8  to  13  feet  long,  spreading  out  in  every 
direction  from  the  crown  of  the  root,  much  like  sweet-potato  vines, 
In  fact  the  vine  growth  was  remarkably  strong,  but  not  a  blossom 
appeared.  Early  in  August  the  vines  began  to  languish  under  the 
hot  and  dry  weather,  and  hy  September  1  all  the  roots  were  dead.  As 
the  result  of  correspondence  with  Mr.  Metcalf,  and  at  his  suggestion, 
they  were  planted  in  15)00  in  i-ows  8  feet  apart  in  hills  every  8  to  10 
feet.  As  in  1899,  a  good  stand  of  strong  vines  was  secured,  and  veiy 
late  in  the  fall  a  few  blossoms  formed,  but  too  late  even  to  develop 
into  pods.  Finding  that  there  would  be  no  bean  crop,  most  of  the 
vines  were  cut;  some  were  feed  green  to  cattle  and  were  eaten  readily 
by  them,  and  some  were  cured  and  baled.  The  bales  were  opened  in 
February  and  March,  1901,  and  the  hay  fed  to  a  horse,  which  ate  it  with 
evident  enjoyment.  As  the  result  of  these  experiments,  extending 
through  the  seasons,  one  very  dry  and  the  other  (1900)  a  very  favor- 
able one,  the  conclusion  was  reached  that  for  hay  and  soiling  purpo.ses 
the  Metcalf  bean  is  good  in  central  Texas,  but  the  seasons  are  not 
long  enough  to  insure  a  Vjcan  crop. 

Soy  Bban  {Glynne  higpida). 

This  is  one  of  the  oldest  cultivated  forage  plants.  It  has  been 
grown  in  China  and  Japan  for  many  centuries,  but  was  introduced 
into  this  country  only  a  few  years  ago.  The  seeds  are  very  rich  in 
fats  and  nitrogenous  compounds,  and  it  is  claimed  that  next  to  the 
peanut  it  is  the  richest  of  all  the  legumes  in  the  digestibilitj-  of  its 
food  constituents.  Three  varieties  were  tested  in  1899  in  the  station 
garden.     The  early  variety  grew  from  8  to  12  inches,  and  the  yield  of 
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seeds  was  satisfactorj'.  The  medium  variety  grew  to  be  about  as  tall 
aa  the  early  variety  and  produced  a  very  abundant  crop  of  seeda.  The 
late  variety  grew  to  be  about  24  to  30  inches  high,  but  matured  only  a 
few  seeda.  In  1900  seeds  saved  in  1899  were  planted.  The  results 
were  about  as  in  the  previous  year,  except  that  the  vine  growth  was 
stronger,  due  to  the  fact  that  the  season  was  in  every  way  more  favor- 
able. The  bean  j'ield  of  the  early  and  medium  varieties  was  huge,  but 
that  of  the  late  variety  was  practically  nothing.     Many  pods  of  the 


last  formed,  but  the  beans  did  not  mature  before  the  frosts  caught 
them.  When  cut  before  the  pods  are  ripe  the  cured  product  becomes 
a  very  rich  and  in  every  way  superior  stxtck  food.  Too  much  can 
hardly  be  said  in  favor  of  this  valiiable  forage  plant,  and,  as  it  is  as 
easily  grown  in  central  Texas  as  cornfield  black-eyed  peas,  and  the  ripe 
bean  is  among  the  richest  of  concenti-ated  foods,  it  should  be  largely 
cultivated  by  those  having  stock  to  feed.     (See  fig.  6.) 
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Sulla  {Hedytamra  cOTOnarium). 

Thi9  is  aoother  of  the  perennial  lefi^iiies  tliat  is  well  worth  the 
consideration  of  ceotral  Texas  stockmen  and  farmers.  It  has  been 
extensively  cultivated  in  southern  Italy,  where  it  is  a  native,  upward 
of  two  hundred  and  fifty  years,  and  was  introduced  into  this  country 
but  a  few  years  ago.  Seeds  received  from  the  Division  of  Agrostoli^y 
were  sown  in  the  station  garden  May  4,  1899,  on  the  side  of  a  dry, 
gravelly  hill.  The  stand  secured  was  satisfactory,  and  by  July  16 
the  plants  were  6  to  12  inches  high,  and  the  roots  had  grown  down 
into  the  ground  to  corresponding  depths.  About  that  time,  as  the 
result  of  the  very  severe  drought  of  that  year,  the  plants  began  to 
give  way,  and  by  September  were  apparently  dead.  October  26  the 
heavy  autumn  rains  began  and  they  revived  at  once,  and  by  November 
10  a  new  growth  of  plants  3  to  6  inches  high  had  been  made.  They 
continued  to  grow  until  December,  and  in  January,  1900,  the  crowns 
of  the  roots  were  still  green.  In  February  they  gave  way  as  the 
result  of  the  heavy  frosts.  The  plant  growth  was  vigorous,  and  late 
in  the  season  the  plants,  which  were  from  18  to  24  and  in  a  few 
instances  30  inches  high,  were  covered  with  a  rich  crimson  flower  that 
was  showy  and  beautiful.  No  seeds  matured,  however.  As  to  its 
feeding  qualities,  it  compares  favorably  with  the  best  of  the  clovers 
and  alfalfas  and,  in  central  Texas,  produces  satisfactory  crops. 

Vglvbt  Bban  (JftKuna  uttJit). 
This  l^nme  is  attracting  a  great  deal  of  attention,  especially  in  the 
extreme  Southern  States,  where  the  soil  and  climate  seem  to  be  spe- 
cially favorable  to  its  development.  In  central  Texas  it  is  a  valuable 
forage  plant,  but  too  far  north  for  it  to  mature  seeds  satisfactorily. 
It  was  carefully  and  thoroughly  tested  in  the  station  garden  in  1899  and 
1900,  and  the  results  each  year  were  practically  the  same.  The  vine 
growth  was  phenomenally  strong,  and  while  there  was  a  profusion  of 
blossoms,  and  in  1900  a  considerable  seed-pod  formation,  not  one 
matured  bean  was  secured.  The  vines  proved  to  possess  abundant 
drought-resistant  qualities,  and,  in  fact,  withstood  the  hot,  dry  weather 
during  both  summers  into  August  better  than  anything  grown  in  the 
station  garden,  except  possibly  the  soy  bean.  In  1900  the  seasons 
were  more  favorable  than  in  the  preceding  year  and  the  vines  con- 
tinued gi-een  well  into  October.  Some  of  the  vines  grew  to  be  15  to 
20  feet  long,  with  a  heavy  leafage.  In  the  latter  part  of  September, 
1900,  several  rows  were  cut,  and  the  vines  were  cured  and  baled.  The 
bales  of  the  cured  product  kept  sweet,  and  were  fed  to  stock  in  Jan- 
uary and  February,  1901.  It  is  confidently  believed  that  it  may  pay 
those  having  live  stock  to  be  wintered  to  cultivate  velvet  bean,  not 
only  for  green  forage,  but  for  its  hay  value,  as  far  north  as  oeatral 
Texas.     (See  PI.  II,  fig.  2.) 
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Fig.  2.— Growth  of  Velvet  Bean. 
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Comparatively  f^w  stockmen  and  farmers  of  central  Texas  know 

anything  about  the  vetches,  and  yet  more  than  one  variety,  natives  to 

the  section,  are  growing  on  the  ranges  and  in  their  fields,  and  consti- 

tut«  factors  of  no  small  importance  in  the  make-up  of  their  pastures. 

Spri.vo  Vbtch  (Vieia  eativa). 

Seeds  of  this  variety  were  tested  in  the  station  garden  in  1899.  A 
first  planting  was  made  in  February,  but  on  account  of  the  ground 
being  cold,  and  continuing  so  until  iu  March,  few  seeds  germinated. 
Later  plantings  were  made  March  17  and  April  10,  good  stands  were 
secured,  and  the  plants  grew  rapidly  to  18  to  20  inches  in  length,  and 
matured  good  crops  of  seed.  A  cutting  could  have  been  made  during 
June  and  early  in  July. 

Haibt  Vbtch  (  Vieia  viUota). 

This  variety  was  also  tested  in  the  station  garden  in  1899,  the  plant- 
ings being  the  same  dates  as  those  of  the  spring  vetch.  The  results 
were  substantially  the  same  with  both  varieties.  A  cutting  of  the 
hairy  vetch  was  cured  and  baled.  The  hay  was  soft  and  rich,  and  the 
yield  (estimated)  was  at  the  rate  of  1^  to  IJ  tons  per  acre.  The  soil 
where  it  grew  was  not  rich.  The  nutritive  value  of  the  hay  is  very 
high.  As  in  fertile  soils  from  2  to  4  tons  per  acre  can  be  grown,  it 
will  pay  those  having  live  stock  to  feed  to  cultivate  it,  and  also  the 
spring  vetch. 

Other  Forage  Plants. 

With  a  view  to  determine  the  value  of  several  of  the  grain  crops 
generally  grown  in  central  Texas,  especially  for  forage  and  hay  pur- 
poses, a  number  of  interesting  tests  were  made  with  more  or  less 
satisfactory  results. 

Common  Oats  and  Wheat. 

It  is  a  well-known  fact  that  when  oats  are  cut  just  after  heading 
they  make  hay  of  the  finest  quality.  It  is  also  a  well-known  fact  that 
a  crop  can  be  grown  in  central  Texas  during  the  winter  on  ground 
from  which  com  has  been  gathered,  and  can  be  harvested  in  time  for 
planting  the  ground  in  the  spring.  It  is  further  known  that  during 
the  years  when  the  rainfall  is  normal  large  yields  (3  to  6  tons  per  acre) 
of  the  straw  can  be  grown  on  the  fertile  lands  of  this  section.  The 
pressing  needs  among  stockmen  and  farmers  are  for  early  spring 
pastures  and  for  plants  that  will  yield,  under  wider  cultivation,  good 
hay  crops.  The  time  has  passed  for  any  class  of  live  stock  to  be  left 
to  "rustle"  on  the  range  for  their  winter  feed.  The  enterprising 
stockgrower  now  recognizes  the  necessity  for  providing  winter  forage 
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for  hi !<  stock,  both  as  a  matter  of  business  and  as  a  matter  of  hmnanity. 
With  a  view  to  assisting  stockmen  of  central  Texas  and  farmers  in 
their  efforts  in  the  direction  indicated,  the  writer  made  a  lat^  number 
of  tests  in  the  station  garden  during  1900  to  detennine  the  value  of 
oats  and  wheat  for  hay  and  green  forage  purposes.  He  secured  man}' 
different  varieties  from  the  Department  of  Agriculture  and  from 
other  sources,  planted  the  seeds  in  drills,  cultivated  the  ground  thor- 
oughly, had  the  crop  cut  and  cured  when  the  seeds  were  in  dough 
state,  and  baled  the  hay  product.  The  results  were  in  every  way 
succes.'iful.  The  setiBons  were  favorable;  the  yield  in  every  case  was 
considerable;  the  hay  had  a  rich  color,  and  in  the  bales  presented  an 
attractive  appearance  and  kept  as  well  as  any  other  hay.  During  the 
following  winter  the  hales  were  opened  and  fed  to  stock  and  every 
straw  of  it  was  greedily  eaten.  Mr.  P.  O.  Fortius,  foreman  of  the 
station  working  force,  has  grown  during  the  last  two  or  three  years  a 
turf  oats  which  has  not  only  afforded  a  good  winter  pasture  for  his 
stock,  but  has  yielded  fairly  good  grain  crops  later.  He  has  not  cut 
the  crop  for  hay,  but  is  satisfied,  as  the  result  of  the  station  experi- 
ment of  1900,  that  in  that  shape  the  crop  will  be  worth  much  more  to 
him  than  »s  a  grain  crop.  Mr.  W.  J.  Warder,  late  a  stockman  aud 
farmer  of  California,  still  later  of  the  Abilene  country,  and  now  at 
El  Paso,  Tex.,  is  authority  for  the  statement  that  sevei-al  years  ago 
in  California,  realizing  that  the  drought  coming  on  was  likely  to  ruin 
his  wheat  crop,  he  hail  the  entire  tield  cut  just  after  the  heading.  He 
handled  the  green  product  precise!)-  as  if  it  had  been  grass,  had  no 
difficulty  in  curing  it, and  sold  the  hay  product  for  more  than  he  could 
have  realized  for  a  good  grain  crop.  Mr.  C.  W,  Merchant,  of 
Abilene,  Tex.,  is  making  a  specialty  of  cultivating  both  oats  and  wheat 
expressly  foi-  green  winter  forage  and  only  incidentally  with  a  view  to 
grain  crops.  Central  Texas  stockmen  and  farmers  are  reasonably  cer- 
tain, four  out  of  every  five  years,  to  secure  a  good  oats-hay  crop,  even 
if  they  shall  fail  to  secure  a  good  grain  crop.  A  wheat  crop  for  hay 
pui-poses  is  not  quite  so  reliable,  but  is  worth  the  annual  effort,  and 
the  wi-iter  strongly  recommends  that  such  be  made. 

Pe.inits  {ATorhix  hijjiogieij). 

As  above  suggested,  reliable  forage  plants  which  can  be  converted 
into  good  hay  are  what  is  much  needed  hy  stockmen  and  fanners  in 
central  Texas  counties.  They  are  reasonably  certain  each  year  to  have 
gi-ass  for  their  live  stock  from  the  time  the  earliest  range  grasses  (as 
needle  grass)  begin  to  green  out,  well  into  the  early  winter.  After 
the  range  grasses  are  frost-bitten,  however,  they  are  often  troubled  to 
procure  winter  feed  for  stock  without  having  to  pay  ruinous  prices. 
It  will  pay  them  to  go  into  the  work  of  experimenting  in  the  direction 
indicated  with  a  view  to  helping  themselves  out    They  can  supply 
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themselves,  certainly,  abundantly,  and  reasonably  as  far  as  cost  is  con- 
cerned. The  question  is.  Will  they  take  the  trouble  f  Many  of  them 
wilt  be  surprised  when  informed  that  the  well-known  peanut  is  one  of 
the  most  valuable  fodder  plants  for  this  section  of  Texas.  They  may 
safely  use  either  one  of  the  two  very  distinct  varieties,  "common," 
which  produces  the  peanut  of  commerce,  or  the  "Spanish."  It  may 
also  surprise  them  to  be  told  that  peanut-vine  hay  is  about  as  nutri- 
tious as  red  clover  and  richer  than  timothy,  and  that  peanut  meal  makes 
a  richer  stock  food  than  cotton-seed  meal.  Yet  these  are  facts.  Sev- 
eral tests  were  made  in  the  station  garden  in  1900  to  determine  how  pea- 
nut hay  could  be  utUized  to  the  best  advantage.  Seeds  of  both  of  the 
varieties  were  secured  and  planted  in  rows  so  as  to  admit  of  cultivat- 
ing the  soil.  Being  dry,  rather  sandy  upland, -good  stands  and  good 
yields  of  both  vines  and  nuts  were  secured.  The  Spanish  variety  gave 
■  the  better  results  so  far  as  the  quantity  of  vines  was  concerned;  but 
the  common  variety  gave  a  better  yield  of  fruit.  When  the  pods  were 
about  half  grown  the  vines  were  pulled  up,  turned  with  the  nuts  to 
the  sun,  allowed  to  cure,  and  when  cured,  were  thrown  into  shocks, 
and  later  made  into  bales.  Several  months  thereafter  the  baled  prod- 
ucts were  examined  and  vines  dnd  nuts  found  to  be  sweet,  and  when 
fed  to  cattle,  every  stem,  leaf,  and  nut  was  eaten.  For  the  benefit  of 
those  who  may  care  to  look  into  the  subject,  it  is  recommended  that 
they  send  to  the  Department  of  Agriculture  for  Farmers'  Bulletin  No. 
25,  Peanuts:  Culture  and  Uses;  study  it  carefully,  and  then  put  in 
good-sized  fields  of  peanuts,  not  for  the  matured  peanuts,  but  solely 
with  the  view  to  using  the  vines  and  half -green  imts  for  forage  pur- 
poses. It  will  pay  well  in  years  when  there  is  a  normal  amount  of 
rainfall. 

Rape  {Browien  napm). 
This  succulent  and  nutritious  forage  plant,  which  is  closely  related 
to  the  Swede  turnip,  can  be  easily  and  profitably  grown  in  the  deep, 
rich,  warm  loams  and  sandy  soils  to  be  found  in  all  the  counties  of 
central  Texas.  It  makes  an  excellent  feed  for  either  cattle  or  sheep, 
and  will  stand  a  great  deal  of  hot  and  dry  weather.  Of  the  several 
varieties  that  are  well  known  in  the  United  States  and  Canada,  the 
Dwarf  Essex  is  the  most  widely  cultivated.  Seeds  of  this  variety 
were  sown  April  18. 1S!I9,  in  the  grass  garden,  in  low,  rather  moist,  but 
not  very  fertile  soil.  A  good  stand  was  secured  and  the  plants  grew 
vigorously,  but  they  were  attacked  by  prairie  dogs  and  jack  rabbits 
before  the  garden  could  be  closed  in  with  wire  netting,  and  not  a  plant 
was  saved.  In  1900  plantings  were  made  March  19  and  :J(J  in  the  same 
kind  of  soil,  and  a  good  stand  secured.  The  planba  quickly  grew  12 
to  24  inches  high,  and  when  other  things  were  suffering  during  the 
summer  on  account  of  the  hot  and  dry  winds,  the  rape  plants  held 
their  own  surprisingly  well. 
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SiLTBueamt  {AtripUx). 
The  several  test^  made  of  this  forage  plant  in  the  station  garden 
have  been  entirely  satisfactory.  Seeds  of  several  varieties  were  planted 
March  16  and  April  18,  1899,  but  only  a  few  of  them  germinated. 
Of  Nelson's  saltbush  {Atriplex  pahvlaris)  and  of  Nuttall's  saltbush 
{A.  nuttaUii)  a  few  plants  each  were  secured.  About  a  dozen  weak 
plants  of  the  shad  scale  {A.  caneacena)  started,  but  they  soon  died.  Of 
all  the  varieties  tested,  the  annual  saltbush  from  Australia  {A.  kolo- 
carpa)  gave  the  best  results.  The  growth  was  not  lai^e,  being  only 
from  12  to  24  inches  high,  but  the  seed  development  was  surpris- 
ingly great.  Seeds  of  all  the  varieties  named,  except  the  shad  scale, 
formed  and  matured  through  the  long  and  hot  summer;  not  a  few, 
hut  thousands  of  them.'  Twice  in  July  and  August  the  seeds  were  care- 
fully stripped  from  the  plants,  but  as  fast  as  the  eai'lier  seeds  were 
gathered  others  grew  and  developed,  ripened,  and  fell  off,  covering 
the  ground  under  each  bush.  The  plants  continued  green  until  early 
in  December,  but  by  the  15th  of  the  month,  as  the  result  of  some 
rather  severe  frosts  and  freezes,  they  were  nearly  alt  dead.  In  1900, 
each  of  the  above-named  varieties  was  again  t€st«d  and  the  tests 
confirmed  in  the  mind  of  the  writer  the  opinions  formed  of  them 
the  season  before.  Seeds  of  the  Australian  saltbush  (AtHplex 
Bemihaecata)  were  received  from  the  Division  of  Agrostology  and  were 
sown  both  in  March  and  April.  The  previous  year  the  seeds  had  been 
planted  rather  deep,  and  it  is  believed  that  the  thin  stands  were  in 
consequence  thereof.  In  1900  the  seeds  of  the  variety  under  special 
consideration  were  sown  in  shallow  drills  and  were  lightly  covered. 
An  excellent  stand  was  the  result,  and  the  plants  were  vigorous  from 
the  start.  As  this  is  a  procumbent  or  prostrate  variety,  it  will  be  bet- 
ter to  refer  to  its  vines,  rather  than  to  its  plants.  They  spread  out 
in  every  direction  from  the  crowns  of  the  roots,  from  2  to  4  feet,  and 
produced  an  abundant  leafage  and  a  large  number  of  seeds.  Specimen 
plants,  the  roots  of  which  were  about  2  feet  long  and  the  stems  nearly 
4  feet  long,  were  sent  to  the  Agrostologist.  During  the  long,  hot, 
and  dry  spells  of  that  year  all  of  the  varieties  named  showed  excellent 
drought  resistant  properties,  but  the  Autralian  saltbush  particularly 
held  its  own  most  tenaciously.  The  Australian  saltbush  is  known  to 
be  an  excellent  plant  for  soiling  sheep,  and  sheep  dealers  in  California 
use  it  a  groat  deal  in  that  way.  It  is  stated  on  excellent  authority  that 
it  develops  better  on  alkali  than  on  other  soils;  hence  stockmen  and 
farmers  in  the  Pecos  Valley  country,  where  the  soil  is  strongly  impreg- 
nated with  soda  salts,  will  do  well  to  test  it  fully.  The  recommen- 
dation is  also  made  to  those  in  other  sections  of  Texas  to  sow  fields  to 
it,  as  on  the  ordinary  soils  it  is  reasonably  certain  to  produce  satis* 
factory  i-esults. 
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Sanpoin  {Onobryehii  MHva). 

This  is  a  deep-rooted  perennial  that  was  tested  in  1S99  and  1900 
in  the  station  garden  with  satisfactory  results.  Seeds  which  were 
sown  May  4,  1899,  in  thin,  gravelly  soil  on  a  hillside  gcrmiDatcd  well, 
and  the  plants  grew  to  be  12  to  18  inches  high.  During  the  severe 
drought  of  that  year  they  held  their  own  better  than  the  clovera, 
vetches,  or  alfalfas,  and  quite  as  well  as  the  suUa.  When  the  autumn 
rains  began  (October  26),  the  roots  which  had  failed  to  some  extent 
soon  revived,  and  before  the  winter  freezes  began  a  rather  vigorous 
new  growth  had  developed.  The  lighter  frosts  and  freezes  did  not 
injure  the  plants  at  all,  but  during  the  months  of  January  and  Feb- 
ruary, 1901,  there  was  some  severe  weather  which  injured  the  foliage. 
By  March,  however,  the  roots  again  began  to  revive,  and  March  19 
the  new  growth  was  from  6  to  10  inches  long.  Plants  once  well  rooted 
will  live  a  great  many  years  if  the  soil  is  rich  and  the  seasons  favora- 
ble. Sanfoin  produces  a  fair  quantity  of  an  excellent  quality  of  forage 
that  continues  green  during  the  late  autumn  and  the  early  winter 
months,  when  green  forage  Is  scarce.  It  stands  droughts  remarkably 
well,  and  though  the  plants  when  young  are  liable  to  be  winterkilled, 
when  they  are  well  protected  they  will  not  be  killed  in  central  Texas 
by  any  but  very  severe  freezes.  It  is  claimed  for  it  that  it  is  a  superior  ■ 
hay  plant,  but  the  tests  in  the  station  garden  rather  indicate  that  it  is 
much  more  valuable  for  pasture  purposes.  For  the  reasons  stated  its 
coltivation  is  recommended. 

SwBBT  Potato  ( QmvohmiM  edulU). 

An  interesting  experiment  was  made  in  1900  in  connection  with  the 
station  work  with  a  view  to  determine  if  sweet-potato  vines  could  be  suc- 
cessfully baled  and  in  that  shape  kept  sweet  for  the  purpose  of  winter 
feeding.  From  a  field  belonging  to  Mr.  P.  O.  Forbus,  near  the  sta- 
tion, some  of  them  were  secured  when  the  tubers  were  almost  or  quite 
matured.  They  were  cured  about  as  readily  as  the  vines  of  the  several 
varieties  of  peas,  but  in  curing  they  shrunk  very  much  in  bulk,  and 
when  cured  were  not  nearly  sufficient  in  quantity  to  make  up  a  bale. 
The  dry  product,  however,  was  kept  dry,  and  late  in  the  autumn  was 
fed  to  cattle,  which  ate  it  quite  greedily.  The  vines  are  known  to  be 
rich  in  fattening  properties,  and  since  the  plant  can  he  grown  very 
cheaply  throughout  central  Texas  and  converted  into  hay  with  but 
little  trouble,  and  doubtless  can  be  baled  and  in  that  shape  as  easily 
preserved  as  alfafa,  vetch,  or  pea  vines,  it  is  sug^sted  that  stock- 
men and  farmers  should  save  every  vine  grown  by  them  for  forage 
purposes. 

Tal«)w  Weed  (Actinella  lineari/olia) . 

The  writer  has  long  known  this  excellent  forage  plant  in  Texas.  He 
first  saw  it  in  Tom  Green,  Concho,  and  Crockett  counties  wh^n  his 
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own  stock  fed  on  pastures  of  it,  and  demonstrated  its  wonderful  fat- 
tening properties.  Every  sheep-raiser  and  cow-man  in  the  stock-rais- 
ing counties  of  Texas  knows  about  it  and  values  it  highly  for  the  forage 
it  supplies.  They  esiil  it  tallow  weed  for  the  reason,  as  they  give  it, 
that  the  plant  will  put  more  tallow  on  the  kidneys  of  cattle  and  other 
stock  in  a  given  time  than  any  other  native  stuff,  green  or  cured.  As 
it  makes  its  appearance  on  the  range  very  early  in  the  spring  before 
anything  else  greens  out,  it  has  a  value  distinctly  its  own.  It  often 
grows  12  to  18  inches  high  on  the  range,  has  fragrant  blossoms  which 
develop  into  a  rich  seed  head,  and  lives  into  the  early  summer  months, 
but  gives  way  under  the  influence  of  extremely  long  hot  and  dry 
periods.  It  revives  in  the  autumn  months,  and  frequently  continues 
to  furnish  some  green  forage  in  the  early  winter  months.  The  writer 
found  another  related  species  {AmhlyohpU  aeti^era)  in  the  pasture  of  Mr. 
D.  W.  Middleton,  of  Abilene,  Tex,,  growing  luxuriantly  in  October, 
1898.  During  the  months  of  October  and  November,  1899,  and  in 
November,  1900,  inai^stureof  about  lOacres,  between  Abilene  and  the 
station,  a  fair  proportion  of  the  plants  were  green.  Tests  were  made 
in  the  grass  garden  in  1899  and  again  in  1900  to  determine  its  value  as 
a  hay  plant.  The  plants  were  out  and  efforts  were  niade  to  cure  them, 
but  they  molded  and  soured.  As  a  green-forage  plant  it  is  one  of 
the  very  best  for  central  Texas,  but  as  a  hay  plant  it  is  extremely 
doubtful  if  it  can  be  satisfactorily  handled. 

Teosintb  (E<icklsrmi  hLcutiane). 

So  much  has  been  claimed  for  this  very  superior  forage  plant  that 
much  interest  ia  being  manifested  in  regard  to  it  by  stockmen  and 
farmers  of  central  Texas.  Tests  were  made  in  the  station  garden  to 
determine  what  it  is  reallj'  worth  for  live-stock  purposes.  Seeds 
received  from  the  Agrostologist  were  planted  in  drills  and  in  hills  4 
feet  apart  each  way  April  10,  1898.  By  July  1  the  plants  had  met  in 
the  rows;  by  July  16  the  severe  drought  of  that  year  was  on,  and  by 
August  15  the  plants  had  suffered  seriously.  The  drought  was  not 
broken  until  October  26,  by  which  time  the  plants  and  roots  had  failed 
entirely.  The  stalks  grew  5  to  6  feet  high  and  there  was  an  abun- 
dance of  fodder.  Early  in  June  some  stalks  were  cut,  cured,  and 
baled,  and  months  later  were  examined  and  found  to  be  sweet.  Some 
teosinte  root^  in  the  station  garden,  in  spite  of  the  drought,  put  out 
from  25  to  40  or  more  stalks,  and  it  is  confidently  believed  that  a  yield 
of  10  to  15  tons  per  acre  can  be  secured  in  any  fertile  valley  of  cen- 
tral Texas.  As  the  hay  is  much  softer  and  more  easily  cured, 
baled,  and  handled  than  any  of  the  sorghums  known  in  the  section, 
and  as  in  years  of  normal  rainfall  it  will  certainly  do  well,  stock- 
men and  farmers  should  plant  considemble  areas  of  their  Helds  to 
teosinte.  Efforts  were  made  in  IIKK)  to  secure  some  seeds  with  the 
view  to  making  some  further  tests  with  it,  but  they  were  received  too 
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late.     It  may  be  considered  i-eaaonably  certain  that  it  will  not  inatui'e 
seeds  so  far  north;  but  the  astonishingly  large  quantity  of  stalks  and 


Via.  e.— Tcoelatai 


fodder  it  produces  makes  it  a  verj-  valuable  forage  plant  for  the  sei- 
tion.     In  the  Georgia  Experiment  Station  it  j'ielded  38,W0  pounds  of 
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green  forage  per  acre,  40,000  pounds  at  the  Mississippi  station,  and 
in  Louisiana  over  100,000  pounds.  During  droughty  Beasons  it  will 
not  do  well,  and  it  will  not  pay  to  plant  it  in  poor  soil.     (See  fig.  6.) 

CONOI.USION'. 

The  foregoing  statements  report  several  fairly  successful  experi- 
ments made  at  the  grass  and  forage  plant  station  during  three  years 
from  ilanih  19,  1898,  to  March  19,  1901.  As  to  the  very  large  num- 
ber of  tests  that  did  not  give  satisfactory  results,  it  is  hardly  necessary 
to  go  into  details.  The  impracticability  of  doing  so  will  be  under- 
stood ID  the  light  of  the  statement  that  quite  1,500  tests  altogether 
were  made  during  the  term  mentioaed.  In  1900,  and  to  March  19, 
1901,  there  were  kept  with  the  experimental  work  alone  656  separate 
accounts. 
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The  Bureau  of  Plant  Industry,  which,  van  oTgaaited  July  1, 1901,  includes  Vege- 
table Fatbological  and  PhyBiological  Invest! gatlone,  Botanical  InveetigationB  and 
Esperimente,  Grass  and  Forage  Plant  Inveetigatione,  Footol<^cal  Investigations, 
and  Gardeua  and  Grounde,  alt  of  which  were  formerly  separate  divisions,  and  alao 
Seed  and  Plant  Introduction,  the  Arlington  Experimental  Farm,  Tea  Investigations 
and  Esperiments,  and  the  Congressiotml  Seed  Distribution.  Beginning  with  the 
dateofoiganizationoftheBuTeau,  the  independent  aeries  of  bnlletina  of  the  Division 
of  Agrostology,  the  last  number  of  which  was  25,  and  of  each  of  the  other  divisioDfl 
were  discontinued,  and  all  are  now  published  as  one  series  of  the  Bureau. 

The  Imlletins  published  in  this  series  are: 
Ko.  1.  The  Belation  of  Lime  and  Magneaia  to  PUnt  Growth.     1901. 

2.  Spermatogenems  and  Fecundation  of  Zamia.    1901. 

3.  Macaroni  Wheats.     1901. 

4.  Range  Improvement  in  Arizona.    1901. 

5.  Seeds  and  Plants  Jmportad  through  the  Section  o(  Seed  and  Plant  Introduc- 

tion, etc.,  Inventory  No.  9.    1902. 

6.  A  List  of  American  Varieties  of  Peppera.    1902. 

7.  The  Algerian  Durum  Wheats:  A  Clasulied  List,  with  Descriptions.    1902. 

8.  A  Collection  of  Economic  and  other  Fungf,  prepared  for  distribution.    1902. 

9.  The  Korth  American  Species  of  Spartina.    1902. 

10.  liecorda  of  Seed  Distribution  and  Cooperative  Esperiments  with  Grasses  and 

Forage  Plants.     1902. 

11.  Johnson  Grass:  Report  on  Investigations  Made  during  the  Season  of  1901, 

1902. 
13.  Stock  Ranges  of  Northwestern  California.    1902. 
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PREFACE. 


The  fumaal  deBtmction  by  decay  of  forest  timber  and  of  timber  used 
for  GonutmctloD  purposes,  such  as  raibx>ad  ties,  fence  posts,  tel^raph 
poles,  bridge  timber,  etc.,  is  almost  beyond  computation,  and  is  one 
of  the  greatest  drains  on  the  timber  resources  of  the  country.  Several 
years  ago  this  Office  undertook  an  investigation  of  the  causes  of  such 
destruction,  and  the  general  awakening  of  interest  in  forestry  has 
called  special  attention  to  the  importance  and  necessity  of  our  work 
in  this  line.  For  a  number  of  years  the  railroads  have  been  in^■esti■ 
gating  methods  of  preserving  ties,  and  early  in  our  work  we  were  led 
to  examine  the  progress  made  by  them  as  a  basis  for  the  general 
investigation  of  the  subject  of  preservation  of  construction  timber. 

Dr.  Hermann  von  Schrenk,  instructor  in  the  Henry  Shaw  School  of 
Botany,  and  special  a^ent  in  charge  of  the  Mississippi  Valley  laboratoiy 
of  Vegetable  Pathological  and  Physiological  Investigations,  has  been 
actively  engaged  in  the  work  for  several  years,  and  has  collected  much 
valuable  information  in  connection  with  it  both  in  this  country  and  in 
Europe.  The  present  report,  which  is  a  basis  for  much  more  extensive 
investigations  planned  for  tJie  coming  year,  embraces  a  discussion  of 
the  factors  which  canse  the  decay  of  wood,  an  account  of  the  various 
methods  used  in  this  country  and  abroad  for  preserving  timber,  and 
also  an  account  of  original  work  conducted  to  test  various  methods. 

The  Department  is  under  obligations  to  the  railroads  for  furnishing 
Dr.  von  Schrenk  facilities  for  conducting  his  investigations,  and  also 
to  many  others  who  have  aided  him  in  his  work. 

The  work  is  being  pushed  vigorously,  in  cooperation  with  the  Bureau 
of  Cor^try,  which  is  actively  aiding  us  in  our  investigations  in  this 
line,  and  it  is  believed  i^  will  api»eal  to  the  country  as  a  whole,  as 
all  interests  and  classes  are  affected,  directly  or  indirectly,  by  the 
losses  occasioned  by  the  decay  of  construction  timber. 

It  is  to  be  hoped  also  that  as  a  result  of  the  experiments  planned 
much  standing  timber  of  varieties  now  worthless  for  construction 
purposes,  owing  to  its  rapid  decay,  may  be  made  commercially  val- 
uable by  preservative  processes. 

Albert  F.  Woods, 
Pathologist  and  Physiologist. 

Office  op  the  Patholoqist  and  Physiologist, 

Washington,  D.  C,  January  9,  1902. 
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THE  DECAY  OF  TIMBER  AND  METHODS  OF  PREVENTING  IT. 


TXTBAUVCnOHt. 

The  various  uses  to  which  wood  is  put  at  this  time  are  so  numerous 
that  an  enormous  amount  of  timber  is  required  annually  to  fill  the 
demand.  Building  matorials.railwayties,  fence  i>08ts,  telegraph  poles, 
etc.,  make  up  the  larger  part  of  the  wood  cat.  Figures  as  to  the 
actual  amount  of  timber  cut  are  difflcnlt  to  obtain,  and  after  all  they 
give  the  average  reader  very  little  intelligent  information.  The  indi- 
vidual is  interested  in  so  far  as  he  wishes  to  be  assured  that  there  is 
enough  timber  for  him  now  and  that  there  will  be  some  in  the  future, 
both  at  a  reasonable  price.  One  can,  however,  give  an  approximate 
idea  of  the  amount  used  by  considering  that  the  railroads  alone  renew 
over  110,000,000  ties  every  year,  and  that  one  telephone  company  (the 
Bell  Telephone  Company)  has  now  in  use  some  6,000,000  poles,  varying 
from  20  to  90  feet  in  length,  of  which  some  500,000  were  added  during 
the  past  year.  In  1887  the  number  of  tie  renewals  was  estimated  as 
about  70,000,000. 

It  is  very  evident  that  the  amount  of  timber  removed  from  our  for- 
ests every  year  is  enormous,  and  with  the  extension  of  the  arts  and 
industries  it  is  easy  to  foresee  that  the  future  will  show  a  very  marked 
increase  over  the  present  consumption.  Although  it  is  not  probable 
that  we  are  to  face  a  timber  famine  in  the  near  future,  it  can  hardly 
be  denied  that  the  removal  of  such  quantities  of  timber  as  are  now 
coming  from  the  forests  every  year  can  not  fail  to  make  a  deep 
impression  on  the  forest  resources  of  any  country,  no  matter  how 
large  the  reserve  may  be. 

During  the  last  thirty  yeara  there  has  been  a  constant  appreciation 
in  the  prices  of  timber  in  many  sections  of  the  country'.  This  appre- 
ciation has  not  occurred  uniformly;  in  fact,  some  classes  of  timber 
are  cheaper  to-day  than  they  were  thirty  years  ^o. 

It  is  perhaps  hazardous  toexplain  why,  with  the  constantly  decreas- 
ing supply,  such  timbers  are  cheaper  to-day.  It  is  presumably  more 
a  matter  of  transportation  than  anything  else.  With  increased  rail- 
road construction,  sections  of  timber  land  have  become  readily  acces- 
sible which  years  ago  were  distant  from  centers  of  distribution.  The 
great  supply  of  the  past  was  drawn  chiefly  from  sources  along  lines 
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of  milway  or  conti^ous  to  them.  As  these  became  exhausted  the 
sections  back  from  the  roads  were  tapped.  The  timber  brought  out 
cost  more  than  that  immediately  on  the  line,  until  a  branch  wa«  built 
into  this  new  section,  and  then  the  cost  fell  again. 

It  is  not  fair,  therefore,  to  judge  of  any  future  supply  by  a  mere 
comparison  of  prices.  This  is  obvious  when  one  remembers  that  the 
source  of  white  oak,  for  instance,  in  the  early  period  of  railway  con- 
struction was  chiefly  in  Pennsylvanina,  Ohio,  Indiana,  and  Wisconsin. 
These  States  fnrnish  a  very  small  amount  of  the  supply  at  present. 
It  now  comes  from  southern  Missouri,  Arkansas,  Kentucky,  and  Ten- 
nessee. Even  the  most  sanguine  lumber  contractor  will  not  admit  of 
more  than  fifteen  years'  supply  from  southern  Missouri,  and  ten  years 
will  probably  be  more  nearly  correct.  The  price  of  oak  timber  is  not 
so  very  much  greater  than  it  was  ten  years  ago,  and  yet  the  visible 
supply  is  very  small  at  this  time.  Many  other  sections  of  tlie  country 
once  well  timbered  are  now  bare,  to  wit  sections  of  Pennsylvania, 
Wisconsin,  Michigan,  and  Minnesota. 

Those  who  say,  therefore,  that  there  is  no  need  of  considering  the 
question  of  future  supply  because  timber  is  still  cheap  are  simply 
voluntarily  ignoring  what  to  most  observers  is  a  very  obvious  situation. 

Looking  for  a  moment  at  the  tie  situation,  we  find  that  the  railroads 
of  the  Eastern  States  are  drawing  a  lar^e  part  of  their  supply  from 
the  pine  forests  of  the  South  And  from  Canadian  points,  the  lines  of 
the  north-central  West  are  beginning  to  bring  timber  from  the  Pacific 
coast,  while  those  of  the  Central  States  are  drawing  ou  the  recently 
tapped  forests  of  the  lower  Mississippi  Valley.  The  changes  which 
occur  in  the  sources  of  timber  supply  are  slow,  and  it  is  impo-ssible 
to  state  at  this  time  what  the  situation  is  likely  to  be  twenty  years 
hence.  Our  knowledge  of  the  timber  now  standing  is  very  inexact, 
and  it  is  to  be  hoped  that  ere  long  some  steps  may  be  taken  to  obtain 
more  reliable  data  on  this  subject.  The  sources  of  supply  will  within 
an  appreciable  time  be  shifted  without  doiiht  from  the  Xorthem  and 
Central  States  to  those  of  the  far  South  and  of  the  Pacific  coast. 

There  is  now  no  longer  any  question  as  to  the  desirability  of  a  mtional 
discussion  as  to  where  the  great  volume  of  timber  is  to  come  from  in 
the  future.  We  must  find  out  how  we  can  best  take  measures  to 
insure  an  adequate  supply  for  all  time,  and  at  the  same  time  at  reason- 
able cost.  The  discussion  and  study  of  this  problem  is  the  province 
of  the  forester  of  to-day.  One  phase  of  this  subject  leads  toward  estab- 
lishing methods  of  cutting  timberalong  lines  which  will  Insure  a  regular 
supply.  Another  phase  will  occupy  itself  with  establishing  new  cen- 
ters of  supply  by  caring  for  or  planting  denuded  or  treeless  areas. 
A  third  phase  will  be  devoted  toward  finding  out  how  we  may  increase 
the  length  of  service  of  the  material  now  at  hand. 

Timber,  when  it  is  removed  from  the  forests,  decays  sooner  or  later, 
and  has  to  be  replaced.  The  replacing  involves  the  cost  of  new  tim- 
ber, the  cost  of  replacing,  and  in  many  instances  the  cost  engendered 
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by  the  disturbance.  By  increasing  the  lengtli  of  service  of  timber,  we 
not  only  malce  it  cheaper,  but  we  use  less  of  it.  Increasing  the  length 
of  life  of  timber  is,  therefore,  one  way  of  conserving  the  existing  tim- 
ber supply  and  of  lessening  the  cost  of  the  timber  actually  used. 
This  has  been  realized  for  a  long  time,  as  instanced  by  the  first  for- 
estry bulletin  published  by  this  Department.  In  this  Mr,  Kern  points 
out  very  clearly  the  advantt^e  to  be  derived  by  securing  a  longer  life 
for  structural  timber.  This  increase  in  the  length  of  life  applies  to 
timber  used  for  ties,  for  buildings,  greenhouse  and  other  construc- 
tion, for  fence  posts,  in  fact  wlierever  wood  is  used.  Longer  life  may 
be  attained  in  two  ways — by  placing  wood  under  such  natural  con- 
ditions that  decay  becomes  impossible,  or  by  preserving  the  wood  in 
one  way  or  another. 

During  the  past  hundred  years  or  more  the  highest  grade  timbers 
have  been  used  at  all  times  wherever  they  could  be  obtained.  In  the 
Korth  the  whit*  pine  was  used  exclusively,  while  the  spruce  was  left 
standing.  Now  that  the  pine  is  almost  gone,  the  spruce  is  in  demand, 
although  it  is  in  most  respecta  a  very  much  inferior  timber. 

There  are  in  many  parts  of  the  United  States  many  kinds  of  timber 
which  are  for  one  reason  or  another  not  being  used  at  the  present 
time.  We  find,  for  instance,  that  the  so-called  high-grade  timbers 
have  always  been  cut  out  first,  leaving  the  less  valuable  kinds  stand- 
ing. In  the  central  West  the  inferior  oaks  were  left  and  only  the 
white  oak  was  cut;  in  the  North  the  tamarack  and  balsam  fir 
remained  after  the  removal  of  the  white  oak  and  spruce;  while  on 
the  Pacific  coast  the  hemlock  and  lodgepole  pines  are  ignored  because 
of  the  red  fir  and  bull  pine.  Where  the  strength  requirements  foi-m 
secondary  features,  as  in  ties,  the  resistance  to  decay  has  often  kept 
these  woods  in  the  lower  class.  One  of  the  problems  of  the  future 
will  be  how  to  make  use  of  these  timbers.  They  can  be  bought  at  a 
low  price,  for  many  large  tracts  are  within  easy  reach  of  transporta- 
tion lines.  If  some  method  can  be  found  by  which  tamarack,  the 
.'swamp  oak,  and  the  loblolly  and  lodgepole  pines  can  be  used  for  ties, 
leaving  the  white  oak  and  other  expensive  timbera  for  higher  grade 
structural  material,  a  great  forward  step  will  have  been  taken  in  the 
utilization  of  our  forest  resources  and  in  their  more  economical 
handling. 

In  the  following  pages  some  brief  considerations  will  be  presented, 
calling  attention  to  the  knowledge  which  we  have  concerning  the 
problem  of  timber  preservation  at  this  date.  Much  of  the  matter  pre- 
sented has  been  referred  to  before,  both  in  reports  of  this  Department 
and  elsewhere,  but  so  little  headway  has  been  made  in  the  practical 
application  of  the  older  reports  that  it  has  l>een  thought  advisable  to 
go  over  the  whole  problem  again  at  this  time,  when  the  problem  is 
becoming  so  much  more  vital.  The  writer  wishes  to  refer  to  the 
papers  by  Dudley,  Flad,  Chanute,  Curtis,  and  others  mentioned 
below,  which  may  be  read  at  this  time  with  profit. 
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It  Trill  be  noted  that  much  attention  has  been  paid  to  railway  ties  in 
this  report.  The  reason  for  this  is  that  the  railway  companies  have 
been  and  still  are  among  the  lai^eat  consumers  of  timber  in  the  United 
States.  But,  aside  from  that,  they  have  been  most  active  in  the  study 
of  preservative  processes  in  all  countries.  The  position  of  a  tie  in 
the  roadbed  is  one  most  unfavorable  to  the  long  life  of  wood.  It  pre- 
sents, on  that  account,  one  of  the  best  means  for  studying;  the  changes 
which  take  place  in  wood,  and  how  these  may  best  be  prevented. 
That  which  applies  to  wood  in  the  form  of  a  tie  is,  as  a  rule,  appU- 
cable  to  all  forms  of  strnetural  timber,  telegraph  and  telephone  poles, 
mine  timbers,  fence  posts,  bridge  and  building  timbers,  greenhouse 
material,  etc. 

SCOPE   OF  THIS  REPORT. 

The  subject  will  be  considered  under  the  following  heads: 

(1)  Structure  of  timber  (wood  cells,  heartwood,  and  sapwood)  and  its 
mechanical  and  chemical  natui-e. 

(2)  Factors  which  cause  decay  of  wood. 

(3)  Timber  preservation, 

(4)  Account   of  an  experiment  to  test  the  value  of  preservative 


(6)  Report  of   an  inspection  trip   to  Europe  for  the  purpose  of 
investigating  the  results  of  timber  impregnation. 
(C)  Conclusions  and  recommendations. 

STBTTCTUBE  OF  TIMBEB. 

Before  describing  the  various  agents  which  destroy  wood  fiber,  it 
may  be  well  to  consider  briefly  the  character,  structural  and  chem- 
ical, of  wood.  It  will  be  found  that  a  good  understandlqg  of  the 
impregnating  problems  can  be  obtained  only  after  a  clear  comprehen- 
sion of  the  various  cliemical  and  physical  features  of  woody  matter 
itself,  and  woody  matter  as  a  part  of  a  piece  of  timber. 

WOOD  CELLS,   WOOD  FIBERS,   ETC. 

Wood  is  composed  of  a  series  of  closed  tubes  extending  parallel  to 
the  long  axis  o£  a  tree  trunk  (PI.  II).  These  tubes  are  firmly  united 
laterally,  and  are  so  arranged  as  to  fit  into  one  another  endwise,  so  as 
to  form  a  splice.  This  will  l>e  comprehended  by  a  study  of  the  figure 
on  the  accompanying  plate  (PI.  II),  which  represents  a  longitudinal 
section  of  a  piece  of  yellow  pine.  It  will  be  noted  th^t  the  tubes  are 
of  varying  sizes,  some  with  large  diameters,  others  smaller,  and  that 
there  is  a  regular  succession  of  larger  and  smaller  ones.  (See  also 
PI.  Ill,  which  represents  a  cross  section  of  the  same  wood.)  The 
larger  tubes  are  found  in  the  spring  wood,  when  growth  is  most 
active.  With  the  approach  of  summer,  the  tubes  of  smaller  diameter 
and  thicker  walls  are  formed.  A  group  of  the  spring  tubes,  together 
with  the  adjoining  summer  tubes,  represents  the  growth  of  one  year. 


dbyGoogIc 


Bui.  14.  Bunui  ol  Pl*nt  InduFtly,  U,  S.  D«pl   iH  AftiLi 


Cross  Section  of  Wood  of  Lomqleaf  Pine  (Pinus  palustris). 
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Choss  Section  of  Wood  of  White  Oak. 
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STRUCTURE  OF  TUtBER.  15 

tents  and  become  filled  with  air.  They  are  then  mature;  their  walla 
have  attained  their  maximum  thickness  and  strength.  They  begin 
to  make  reservoirs  for  the  deposition  of  various  substances — gums, 
resins,  aromatic  substances  of  various  kinds — which  remain  in  the 
cells,  bnt  take  no  part  in  the  life  of  the  tree.  These  cells  are  then, 
to  all  intents  and  purposes,  dead.  The  medullary-ray  cells  remain 
alive  much  longer.  Going  inward,  one  finds  that  they  at  first  lose 
their  sugars,  then  the  starch  reserve,  and  lastly  the  oil  products.  It 
will  appear  from  this  that  the  boundary  line  between  the  living  wood 
and  the  dead  elements  is  no  very  sharp  one. 

The  water  passes  through  the  walls  of  the  newer  wood  cells  rea<i  ily, 
and  continues  to  do  so  for  a  considerable  period  after  the  cell  con- 
tents have  disappeared.  It  ia  only  when  the  walls  of  the  cells  become 
thoroughly  infiltrated  with  the  resins,  gums,  etc. ,  that  the  water  trans- 
mission comes  to  a  stop.  The  depth  to  which  the  living  elements  in 
a  tree  trunk  go  depends  entirely  on  the  kind  of  tree.  In  some  trees,  for 
instance  the  maple  and  the  beech,  the  living  elements  extend  through 
many  rings,  as  many  as  30,  counting  from  the  bark  inward,  while  with 
trees  like  the  locust  or  red  cedar  the  number  of  rin};s  with  living  cells 
is  very  small,  not  exceeding  14  in  the  locust,  for  instance. 

HEART  AND   SAP   VV'OOD. 

It  appears  from  the  preceding,  therefore,  that  the  outer  living  part 
of  the  tree  differs  materially  from  the  inner  dead  parts  in  the  presence 
of  large  quantities  of  food  materials,  oils,  starches,  sugars,  and  nitrog- 
enous substances,  and  in  its  readiness  to  transmit  water,  while  the 
inner  parts  have  larger  quantities  of  infiltrated  substances  in  the  walls 
of  the  wood  cells.  These  considerations  bring  one  to  the  question  of 
heart  and  sap  wood.  Much  has  been  written  on  this  subject,  but  we 
have  as  yet  no  very  clear  conception  of  what  makes  heart  or  sap  wood. 
Broadly  stat-ed,  the  sapwood  is  composed  of  the  living  parts,  or,  bet- 
ter still,  of  those  outer  parts  of  a  tree  which  allow  of  free  passage  of 
water,  while  the  heartwood  consists  of  the  dead  inner  parts,  which 
serve  mainly  as  a  support  to  hold  the  crown  and  in  which,  because  of 
profound  changes  in  the  walls  of  the  wood  cells,  water  no  longer  trav- 
els with  ease.  The  heartwood  of  most  trees  is  easily  distinguished 
from  the  sapwood  by  its  darker  color  and  by  the  presence  of  various 
coloring  substances.  The  appearance  of  these  iu  the  wood  often  indi- 
cates which  wood  is  heartwood,  which  sapwood.  The  change  from 
sapwood  to  heartwood  is  apjiarently  a  sudden  one.  It  does  not  take 
place  in  one  ring  every  year,  but  skips  many  years  frequently,  so  that 
8  to  10  rings  or  more  may  become  heartwood  in  one  year.  Then,  again, 
one  side  of  a  tree  may  change  to  heartwood,  including  more  annual 
rings  than  another — that  is,  one  ring  may  be  heartwood  at  one  point 
and  sapwood  at  another. 

For  practical  purposes,  however,  the  differences  between  heart  and 
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Bftp  wood  are  siifficientlj'  well  marked.  Heartwood  lasts  longer  than 
sapwood,  and  it  is  stronger.  In  some  trees  the  heartwood  resists 
decay  for  hundreds  of  years  during  the  life  of  the  tree,  as  in  the  giant 
trees,  while  in  others,  willow  and  maple,  for  example,  it  offers  no 
resistance,  apparently,  to  decay. 

The  varying  resistance  of  woods  to  bacteria  and  fungi  will  be  dis- 
cassed  below  at  greater  length.  Having  described  the  structure  of 
wood,  one  now  comes  to  a  consideration  of  decay. 

FACTORS  WHICH  CAUSE  THE  DEOAT  OF  WOOD. 

GENERAL  REMARKS. 

By  decay  one  understands  at  this  time  the  gradual  change  which 
any  substance  nndei^oes  in  breaking  up  into  simpler  sub-stances. 
The  decaying  body  changes  in  its  physical  and  chemical  nature,  and 
when  it  is  entirely  decayed,  the  remaining  materials  bear  no  resem- 
blance to  the  original.  The  breaking-down  changes  were  formerly 
supposed  to  be  due  to  some  spontaneous  process  working  within  the 
changing  substance.  The  great  German  chemist,  Liebig,  was  the 
author  of  a  theory  which  dominated  all  others  daring  the  middle  of 
the  nineteenth  century.  He  maintained  that  the  change  in  organic 
matter  was  a  form  of  slow  combustion,  which  he  called  "  eremacau- 
sis."  The  processes  of  change  were  induced  by  oxygen,  much  as  iron 
changes  to  rust.  He  stoutly  denied  that  bacteria,  fungi,  or  other  liv- 
ing agencies  had  anything  to  do  with  decay.  Not  until  the  epoch- 
making  researches  of  Pasteur  and  his  school  was  it  understood  that 
the  changes  which  accompany  decay  were  due  to  the  activity  of  lower 
animals  and  plants.  These  low  organisms,  living  on  or  within  the 
BUbstAUces,  use  a  portion  of  the  same  for  food,  and  by  removing  some 
of  the  elements  from  the  substratum  they  break  up  the  complex 
chemical  compounds.  This  results  in  the  liberation  of  various  gases 
and  in  the  phenomena  which  are  known  collectively  as  rotting  or 
decay.  It  is  probable  that  with  the  majority  of  oi^anic  substances, 
that  is,  substances  of  plant  or  animal  origin,  no  change  takes  place 
in  their  chemical  nature  without  the  active  working  of  some  living 
organism. 

AGENTS  WHICH   CAUSE  DECAY. 

The  living  organisms  which  cause  decay  of  timber  may  be  insects, 
bacteria,  or  fungi.  Insects  bore  holes  into  sound  timber,  and  in  many 
cases  they  may  riddle  a  stick  completely,  so  that  it  falls  to  pieces. 
The  work  of  the  white  ants  or  termites,  which  is  so  destructive  to  all 
timbers  in  warmer  climates,  is  of  this  character.  Then  there  is  a 
class  of  beetles,  the  larvfc  and  adults  of  which  bore  in  wood  as  soon 
as  the  same  is  dry  enough  to  allow  them  to  enter.  The  decay  of 
structural  timber  is,  however,  brought  about  most  frequently  by  either 
bacteria  or  fungi. 
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Bacteria  are  low  plants  which  multiply  with  great  rapidity.     A 
single  individual  divides  into  two,  and  these  two  each  divide  again. 
As  their  method  of  action  on  wood  is,  so  far  as 
known,  about  the  same  as  with  the  fungi,  the  two  ^ 

will  be  considered  together.  ^a^ 

Fungi  are  low  plants,  consisting  of  colorless,         «'       _^^}i 
flnethreads,  called  hyphte,  many  ^T^^ 

hyphsemakingupthemycelium.  ^^  ** 

All  fungi  grow  on  either  dead  or  Pi(i.i.-o.Piin«nB>poroB: 
living  oi^anic  matter,  from  ''■  **"  ""'"•  Kerwioat.- 
which  they  remove  certain  parts. 

The  myceliam  starts  from  a  single  spore  (fig.  ia). 
The  spore,  when  brought  under  favorable  conditions, 
sprouts  or  germinates,  sending  forth  a  single  thread 
or  hypha  (fig.  46).  This  thread  branches  and  re- 
branches quickly.  The  various  hyph»  creep 
through  the  tissues  of  the  substratum  upon  which 
they  are  growing  and  absorb  the  materials  neces- 
sary for  their  growth.  In  living  cells  they  att«ck 
the  protoplasmic  contents — the  starches,  sugars, 
and  oils.  In  dead  cells  they  attack  the  cell  walls 
(flg.  6).     After  sufftclent  food  has  been  iibsorbed 

Pi(i.  s—Hyceiinm  of  some  hyphsB  form  the  fruiting  body,  which  bears  a 
B  ruaguB  attackiDtr  crop  of  spores  (fig.  6).  The  fruiting  bodies  of  the 
*  ™"  "*"  fungi  which  destroy  timber  are  elaborate  structures, 

which  may  be  formed  once  every  year,  or  when  once  started  may  con- 
tinue to  grow  in  size  from  year  to  year.    They  form  the  familiar  punk 

knots,  punks,  conchs,  toadstools,  frc^  stools,  or  mushrooms  found 

on  live  and  dead  timber  in  the  forest. 

Many  of    these    fungi    attack   wood. 

They    are    readily    distinguished    by 

their  fruiting  bodies,    but  since  the 

manner  in  which  these  fungi  work  is, 

so  far  as  we  know,  approximately  the 

same   for  all,    it   is  hardly   necessarj' 

to  attend  much  to  the  form.     Figure 

6  shows   the  cross  section  of  one  of 

these  punks  dischai^ing  spores.     On 

the  under  side  one  finds  a  series  of 

tubes  (fig.  7),alongtheedgesof  which 

long  rows  of  threads  are  arranged.     A 

small  part  of  one  of  these  walls  is  shown 

in  figure   8.     Some  of  these   threads  dB.trc.7ing  (qmiU. 

extend  out  into  the  tube,  and  on  each 

one  finds  four  spores.     When  ripe  these  fall  off  and  come  out  of  the 

tubes  in  clouds  (fig.  6).     The  wind  carries  them  in  all  directions,  and 

when  they  fall  on  wood  they  sprout,  as  shown  in  figure  ib. 
16369— No.  14^02 2 
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18       DECAY   OF  TIMBER  AND  METHODS  OF  PREVENTING  IT. 
HOW  FUKGI  AND  BACTERIA  GEOW. 
The  fungi  and  batrteria  that  destroy  wood  obtain  their  food  by 
breaking  up  the  complex  chemical  compounds  of  which  wood  is  com- 
posed into  simpler  substances,  utilizing  some 
of  these  and  leaving  some  either  as  ganea  or 
sotids.     A  crude  idea  of  the  working  of  a 
fungus  may  be  obtained  by  comparing  it  to 
a  wheat    plant.      The    wheat  plant    takes 
something  from  the  soil  and  something  from 
the  air.     After  it  has  taken  these  substances 
from    the   soil  and   air  they  are  changed. 
When   the  wheat    plant   has  accumulated 
enough  food  it  forms  seeds.      Just  so  the 
fungus.     It  takes  all  of  its  food  from  the 
wood,  and  leaves  a  different  substance,  rotted  wood,  behind.    When 
ready  it  formw.a  seed  plant,  the  punk  or  toadstool.     It  obtains  its 
food  by  giving  off  peculiar  liquids, 
known  as  ferments  or  enzymes,  which 
have  the  power  of  transforming  wood 
fiber  into  substances  which  the  fun- 
gus   uses    for    food.       Their    action 
usually  results   in  whole   or  partial 
solution  of  the  substance  attacked. 
Sugars  and  starches  are  attacked  by 
different  ferments;    the  sugars  may 
be  absorbed  by  the  fungns  directly,  or 
changed  to  some  more  easily  digested 
sugar.     The  starches  are  changed  to 
sugar  and  are  then  absorbed.     The 
nitrogenous  substances  undei^  similar  changes.     Wood  flber  may  b« 
dissolved  entirely  by  the  ferments,  or  only  the  cellulose  or  lignin 
elements.      Some  myeelia  excrete  fer- 
\(^   1  raents  which  attack  only  cellulose,  others 

•S=^   llfo  only  the    lignin,  while  others    attack 

starches  and  sugars.  When  one  part 
of  the  wood  substance  is  removed  it  is 
no  longer  wood.  The  chemical  changes 
have  brought  about  profound  physical 
changes.  The  bard,  elastic  wood  fibers 
have  become  a  soft  mushy  mass,  or  a 
dry,  brittle  substance  which  falls  to 
pieces  at  the  slightest  touch.  Figures 
9-11  show  a  number  of  structural 
changes  in  the  cell  walls.  At  first  the 
byphse  simply  puncture  the  cell  walls 
here  and  there  (flg.  9).  As  they  grow  more  numerous  more  holes 
a-'  I'uide,  and  often  enough  so  that  the  tensile  strength  vanishes 
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almost    entirely.     Then    again,   by  the    solution   of    the    cellulose 
or  lignlD,  oracks  may  form  (fig.  10).     Some  fungi  dissolve  out  the 
middle  lamella  (fig.  11),  so  that  the  various  wood  cells  fall  apart.     It 
will  be  evident  that  wood  when  attacked  in  this  manner  very  soon 
loses  its  propert-ies,  and  before  long  changes 
into  a  mass  of  unconnected  pieces.     Figure  12 
shows  how  even  the  hardest  wood  is  gradually 
dissolved.     It  is  this  change  which  one  terms 
decay. 

RATE  OF  GEOWTH  AND  DECAY. 

The  best  conditions  for  growth  of  fungi  and 
bacteria  are  an  abundant  food  supply  and  a 
certain  amount  of  heat  and  moisture.  One 
point  requires  particular  attention.  Fungi  are 
living  organisms,  which,  in  common  with  other 
living  things,  grow  and  develop  at  a  certain 
rate,  which  has  its  limit.  Beyond  a  certain 
point  at  which  optimum  conditions  have  been 
reached,  it  will  not  be  possible  to  increase  the 
rate  of  development.  It  ought  to  be  said  that 
there  is  considerable  range  between  ordinary 
and  optimum  conditions.  To  use  a  simile,  it  no.  io.-cr«ck»  in  wood 
is  not  possible  to  make  a  child  of  5  grow  to  be  „" (n^'""  "^™'"  """'' 
as  large  as  a  man  of  30  years  in  two  years. 

Just  80  is  it  impossible  to  force  the  development  of  a  fungus  which 
takes  two  years  for  its  development  into  a  period  of  two  months. 

Optimum  conditions  vary  with  the  different  fungi  and  bacteria. 
Some  grow  best  with  a  large  supply  of  oxygen;  others  grow  Ijest  with- 
out it.  Some  require  sugars  and  starches,  others  do  not.  All,  how- 
ever, require  water.  Where  there  is  no  water,  there  will  be  no  fun- 
gous or  bacterial  growth.  The  so-called  "dry  rot"  fungi  require  a 
certain  amount  of  moisture.  It  is  a  very  erroneous,  though  wide- 
spread idea,  that  they  grow  in  per- 
fectly dry  situations. 

Much  of   the  rotting  of  timber 
could  be  prevented  by  heeding  this 
simple   fact — that    without  water 
there  will  be  no  rot.     For  this  rea- 
son a  tie  in  a  well-drained  roadbed 
will  last  ever  so  much  longer  than 
its  neighbor   in   a   badly  drained 
ballast,    in   spite    of   the   absence   of   treatment,   the   presence  of 
fungi,  and  ignoring  the  variability  in  the  timber  itself.    Wherever 
organic   food   is  stored,  there  the  bact«ria  and  fungi  are  sure  to 
grow  with  great  rapidity  if  moisture  is  present.     This  is   one  of 
the  reasons  why  sapwood  rots  so  much  faster  than  heartwood.     The 
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medullary  rays  and  wood  elemeots  of  the  sapwood  have  been 
described  as  full  of  protoplasm  and  reserve  sugars,  starches,  oils,  etc. 
After  the  death  of  a  tree  tliese  cells  are  rapidly  invaded  by  hyphae, 
which  flourish  in  the  sapwood,  and  soon  bring  about  its  entire  disso- 
lution. The  heartwood  offers  no  such  basis  for  the  beginning  of 
fungus  growth.  It  is  furthermore  protect-ed  by  antiseptic  bodies, 
such  as  various  resins,  the  tannins,  etc.  The  sapwood  admits  of  the 
more  ready  circulation  of  water,  and  in  that  way  favors  the  rapid 


Fiti.  13.— AdTaac«d  stage  of  decay  otIocnBt  timber  dne  to  fungi. 

development  of  the  fungus  threads.  What  has  been  said  of  fungi  is 
also  true  for  bacteria.  So  far  as  we  know  they  also  produce  ferments 
which  desti-oy  the  starches  and  oils  in  the  wood,  also  the  wood  fiber. 
Very  little  is  as  yet  known  about  the  bacteria  which  destroy  wood. 
For  the  present  purpose  it  is  suflicient  to  know  that  they  do  so  in  a 
manner  similar  to  the  fungi. 
Attention  is  here  called  to  a  rather  surprising  8tat«ment  made  by 


Digitized 


b,Google 


FACTOBS   WHICH   CAUSE   THE   DECAY    OP   WOOD. 

Mr.  HerzenBtein  in  reply  to  Dr.  Dudley's  discussion  of  the  n 
which  f Qngi  destroy  timber,  lie  says '  that  the  fungi  (by  which  he 
appears  to  mean  the  "punks")  appear  only  on  ties  which  have  come 
out  of  the  track;  and,  again,  that  "  the  vibrations  caused  by  trains 
prevent,  if  nut  the  formation  of  filaments,  at  least  the  growth  of  the 
fungus  itself."  Snch  statements  are  so  obviously  false  and  mislead- 
ing that  no  attention  would  have  been  paid  to  them  here  if  they  had 
not  come  from  one  whose  words  might  be  iaken  seriously.  At  this 
time  we  know  absolutely  that  fungi  cause  decay  of  wood;  further- 
more, that  the  "punks  "which  Mr.  Herzenstein  seemn  to  lay  so  much 
stress  on  are  simply  the  fruiting  bodies  of  these  fungi;  and,  again, 
ever>"one  knows  to  their  own  regret  that  "  vibrations  caused  by  trains" 
do  not  stop  the  rot  of  ties  in  the  track.  It  would  be  a  pertinent 
question  to  ask  Mr,  Herzenstein,  if  he  is  so  sure  that  the  vibrations 
stop  the  growth  of  the  fungi,  why  he  thinks  any  injection  of  salts 
necessary. 

NATURAL  RBSISTAKCE  OP  TIMBER. 

Dry  wood  will  resist  the  attacks  of  destructive  agents,  such  as  fungi 
and  bacteria,  for  indefinite  periods  of  time.  The  timbers  in  many  old 
buildings  have  been  in  position  for  hundreds  of  years.  The  writer 
examined  some  larch  wood  obtained  from  an  old  chapel  in  Swit^rland 
which  was  supposed  to  be  about  500  years  old.  It  was  hard  and  sound 
and  showed  no  signs  of  deterioration. 

Engineers  have  made  use  of  this  principle  now  and  then  by  employ- 
ing several  timbers  instead  of  one  large  one.  It  was  found  that  a 
timber  12  by  12  inches  would  not  last  nearly  as  long  as  one  composed 
of  four  timbers  12  by  3  inches.  When  more  widely  appreciated,  this 
principle  will  no  doubt  be  applied  still  more.  In  general,  all  condi- 
tions which  favor  drying  and  keeping  wood  dry  will  tend  to  prolong 
its  life. 

Wood  completely  immersed  in  water  will  not  decay.  The  supply 
of  oxygen  necessary  for  the  development  of  fungi  is  cut  off.  l>eeay 
in  piles,  for  instance,  takes  place  near  the  point  where  the  pile  emerges 
from  the  water.  In  fence  posts  and  telegraph  poles  the  decay  usually 
starts  just  below  the  surface  of  the  soil.  Above  the  ground  the  wood 
remains  dry,  while  at  the  extreme  base  there  is  only  a  limited  supply 
of  oxygen.  Where  there  is  some  oxygen  and  some  moisture,  i.  e.,  near 
the  surface  of  the  ground,  there  the  rot  sets  in. 

SAWN  VERSUS  HEWN  TIMBER. 

A  word  may  be  said  here  concerning  a  question  which  is  as  yet 
but  imperfectly  understood,  but  which  has  already  caused  much  dis- 
cussion.    There  appears  to  be  a  well-defined  opinion  that  so-called 

■Bnlletln  of  the  IntematiotiRl  Railway  Congress  (ElDglish  edition),  IS;  No.  10, 
'October,  1901,  p. S1S9. 
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hewn  timber  will  last  longer  than  sawn  timber.  Many  railroad  com- 
panies specify  that  their  ties  shall  be  hewn  from  yonng  trees,  i,  e.,  be 
pole  ties.  Because  of  this  practice  millions  of  young  trees  are  eut 
annually  from  forests  where  the  older  timber  remains  standing. 

The  reasons  why  hewn  timber  should  last  longer  are  difficult  to 
defiue.  It  may  be  that  the  sawing,  passing  as  it  does  in  one  Hue, 
irrespective  of  the  "grain,"  cuts  across  many  fibers,  thus  presenting 
many  openings  where  the  water  can  pass  in  readily.  The  sawing 
exposes  the  more  resistant  and  less  resistant  parts  of  annual  rings  in 
an  irregular  manner.  Then,  again,  the  sawn  surface  is  rough;  many 
fibers  are  torn  away  partially.  This  gives  the  wood  a  felty  surface, 
which  holds  water  readily.  The  hewn  timber,  on  the  other  hand,  has 
no  fibers  exposed,  for  the  ax  causes  the  chips  to  split  off  "along  the 
lines  of  the  grain."  It  shows  a  smooth  surface  of  either  spring  or 
summer  wood,  generally  the  latter. 

The  objection  sometimes  made  that  the  hewn  ties  cut  from  a  young 
tree  are  firmer  and  naturally  more  resistant  because  the  wood  is 
younger  appears  to  havo  no  good  foundation. 

Whatever  the  relative  value  of  sawn  and  hewn  timber  may  be — a 
point  which  needs  careful  investigation — it  becomes  a  matter  of 
small  importance  when  timber  is  impregnated.  The  impregnated 
wood  would  be  influenced  only  to  a  very  small  extent  by  such  differ- 
ences as  are  spoken  of  above.  The  results  of  many  years'  practice  are 
not  easily  laid  by,  and  it  will  probably  require  a  practical  demonstra- 
tion to  convince  manv  of  the  correctness  of  the  contention  that,  when 
properly  treated,  a  sawn  timber  is  j  ust  as  good  as  a  hewn  one.  Hew- 
ing is  a  very  wasteful  process.  It  is  slow  and  not  economic  and,  above 
all,  it  requires  the  use  of  yonng  timber,  to  the  exclusion  of  that  which 
is  older  and  often  more  durable. 

SEASONED  VERSUS  GREEN  TIMBBR. 

As  the  presence  of  a  certain  amount  of  moisture  is  indispensable 
for  the  growth  of  the  destructive  agents,  it  follows  readily  that  sea- 
soned timber  will  last  longer  than  green  timber.  Although  this  is  so 
simple  a  matter  and  one  generally  appreciated,  it  is  surprising  how 
rarely  it  is  heeded  by  those  wlio  use  timber.  The  chief  excuse  made 
is  that  it  takes  time  to  season  timber.  Many  say  that  they  are  in 
doubt  as  to  whether  the  expense  involved  in  keeping  timber  is  war- 
ranted by  increased  length  of  life.  Some  practical  experiments  on  a 
large  scale  ought  to  be  made  to  convince  those  who  still  doubt  the 
advisability  of  long  seasoning.  The  writer  ventures  to  assert  that  few 
realize  how  much  longer  a  piece  of  seasoned  wood  will  resist  the  action 
of  decaying  agents  than  a  similar  piece  of  green  wood. 

The  Russian  railway  authorities  have  found  that  their  seasoned  oak 
ties  last  practically  as  long  as  the  same  timber  impregnated  with  zinc 
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chloride  and  laid  shortly  after  treatmeBt,  and  on  that  account  do  not 
treat  their  oalt,  A  good  deal  depends  upon  the  manner  in  which  wood 
is  piled.  The  Eoropeans  pile  ties  so  as  to  give  the  maximum  amount 
of  ail-  space  around  each  tie.  They  make  piles  with  several  hundred 
and  often  several  thousand  ties  in  one  pile  {PI.  VIII,  fig,  2),  (Com- 
pare with  this  PI,  IX,  showing  an  American  pile. )  The  ties  are  hoisted 
into  position  with  a  donkey  engine,  and  when  seasoned  are  either 
treated  or  in  some  cases  laid  directly.  The  piles  are  located  so  as  to 
fi:iV6  the  greatest  exposure  to  the  sun's  rays  and  with  reference  to  pre- 
vailing winds.  The  length  of  time  allowed  for  seasoning  will  vary 
much  with  the  climate  and  must  be  determined  separately  for  each 
locality.  The  present  practice  of  exposing  timbers  to  decay  very  soon 
after  cutting  is  extremely  wasteful  and  could  with  ease  be  modified. 
Of  course  that  means  an  accumulation  of  material  for  a  year  or  more 
in  advance,  bat  this  ought  to  be  no  serious  objection  when  one  takes 
into  account  the  great  amount  saved  by  such  a  step. 

RACES  OF  WOOD, 

Susceptibility  to  decay  and  comparative  resistance  to  decay  vary 
with  the  different  kinds  of  timber.  The  qualities  which  determine 
the  greater  resistance  to  fungus  attack  are  as  yet  almost  unknown. 
Hardness,  density,  specific  gravity,  tensile  strength,  are  factors  which 
seem  to  have  no  influence  one  way  or  the  other.  Some  of  the  tropical 
timbers  which  are  extremely  bard  and  heavy  decay  in  exceedingly 
short  periods  of  time,  while  equally  hard  woods  last  very  long.  The 
teak  wood  of  India  is  a  notable  example  of  endurance,  and  is  highly 
esteemed  on  this  account.  Among  the  timbers  of  the  United  States 
the  hard,  strong  white  oak  decays  far  more  rapidly  than  the  light, 
porous  cypress.  The  resistance  is,  furthermore,  not  confined  to  broad- 
leaved  trees  or  conifers.  The  tamarack  nnd  hemlock  decay  rapidly, 
while  the  cypress  and  cedar  are  lasting  timbers;  just  so  we  find  elm 
and  birch  short  lived,  the  locust  long  lived.  There  are  certain  groups 
of  timber  which  resemble  one  another  in  being  highly  resistant  to 
decay.  Some  of  these  are  the  red  cedar  (Juniperus  virginiana  and 
Juniperus  barbadensis),  thecypre88(raxodmm  distichum),  the  incense 
cedar  (I/O>ocednis  decurrens),  the  big  trees  and  redwoods  {Sequoia  sem- 
pervirens  and  Sequoia  washingtoniana),  and  the  arbor  vitse  {Thuja 
occulenkdis  and  Thuja  plicata).  The  lasting  powers  of  these  woods,  as 
is  well  known,  exceed  those  of  any  other  of  our  native  woods.  All 
of  them  are  usually  classed  as  soft  woods.  The  reason  for  their 
resistance  is  probably  to  be  sought  for  in  the  presence  of  some  sub- 
stances in  the  wood  which  give  it  protection  against  fungi.  All  of 
these  timbers  come  from  trees  of  ancient  lineage  which  have  persisted 
down  to  the  present  time  and  are  able  to  grow  in  our  foresta  with 
moie  recent  trees. 
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VABIABILITT  IN  TIMBKR. 

A  striking;  featnre  which  mnst  be  mentioned  at  this  point  is  the 
great  variability  in  all  respects  of  timber  of  the  same  kind  taken 
from  different  trees.  Those  who  have  impregnated  timber  are  con- 
stantly confronted  with  this  fact,  for  they  find  "that  very  rarely  are 
two  pieces  of  wood  alike."  This  variability  is  one  of  the  attributes, 
as  now  riewed,  of  all  living  matter.  There  are  hardly  two  trees 
which  grow  under  exactly  the  same  conditions.  We  have  learned  to 
regard  the  influence  of  the  external  conditions  on  the  growth  of  a 
living  animal  or  plant  (in  this  case  the  tree)  as  a  most  profonnd  one; 
in  fact,  this  influence  seems  to  determine,  with  plants  even  more  than 
with  HDimals,  the  size  and  form  aad  vigor  of  any  or  all  parts.  It  is 
probably  owing  to  the  different  conditions  under  which  different  trees 
grow  that  such  variable  wood  is  formed.  The  differences  in  the  wood 
are  lai^ely  ia  the  size  of  the  wood  cells,  the  thickness  of  their  walls, 
and  the  extent  of  infiltration  of  these  walls  in  the  beartwood.  This 
variability  extends  to  the  natural  resisting  power  of  the  timber  to 
decay.  Some  oak  ties  decay  iu  three  years,  while  others  cut  and  laid 
at  the  same  time  last  ten  to  fifteen  years.  It  is  well  to  bear  in  mind 
that  the  time  of  cutting  and  the  subsequent  care  given  to  cut  timiitr 
may  have  something  to  do  with  its  behavior  when  it  comes  to  the 
impregnating  stage. 

8UUMARY. 

The  facts  set  forth  in  the  foregoing  may  be  summed  up  as  follows: 
Wood  is  composed  of  many  tubes,  having  a  complicated  structure. 
These  tubes  are  invaded  by  low  plants,  called  fungi,  which  bring 
about  changes  in  the  fibers,  which  changes  are  called  decay.  There 
is  a  marked  difference  in  heart  and  sap  wood,  and  in  different 
woods,  with  reference  to  their  susceptibility  to  decay. 

•nXBER  PRESERVATION. 
INTRODUCTION. 

The  flrst  attempts  made  to  preserve  timber  from  decay  date  back 
many  centuries,  when  wood  was  charred  to  make  it  more  resistant. 
Later  on  came  a  period  when  wood  was  coated  with  preservative 
paints,  and  then  attempts  were  made  to  inject  preservatives  into  the 
wood.  The  literature  dealing  with  this  subject  is  bewildering,  for 
as  soon  as  the  prices  of  timber  began  to  rise,  owing  to  scarcity  of 
material,  all  sorts  of  processes  were  devised  to  increase  the  life  of 
the  wood. 

It  is  not  the  present  intention  to  add  to  this  already  voluminoos 
literature,  and  anyone  who  is  interested  in  the  historical  develop- 
ment of  this  question  is  referred  to  the  works  of  Paulet,  Bmeseh, 
Boultou,  Chanute,  Curtis  and  others,  likewise  to  Bulletins  1,  3,  and  3, 
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Forestry  DiviBion,  United  States  Department  of  Agrienlture,  men- 
tioned in  the  annexed  bibliography.  Suffice  it  to  say  that  the  processes 
advocated  consisted  in  either  external  applications  of  preservatives  or 
in  forcing  the  preservatives  into  the  wood.  The  trials  were  attended 
with  varying  degrees  of  success,  and  of  the  large  number  advocated 
(Paulet  mentions  174  in  all)  only  a  few  have  survived.  The  painting 
processes,  for  wet  exposures,  have  gradually  fallen  into  disuse, 
because  it  was  found  that  by  covering  the  outside  of  a  timber  with 
an  impervious  coating  the  evaporation  of  water  was  prevented.  This 
gave  any  chance  fungus  spore,  which  may  have  been  on  the  wood 
before  coating,  an  opportunity  for  rapid  growth,  thus  destroying  the 
wood  rapidly.  Some  of  these  processes  are  still  being  advocated,  but 
it  is  hardly  necessary  to  say  that  in  most  oases  they  do  more  harm 
than  good. 

The  processes  which  depended  upon  getting  preservatives  into  tim- 
ber encountered  from  the  &rst  great  difficulties  because  of  the  peculiar 
structure  of  wood.  It  was  not  realized,  and  it  is  not  realized  by  many 
even  at  this  day,  that  the  wood  flbers  are  not  like  so  many  open  pipes. 
The  sapwood  is  more  easily  injected  and  absorbs  more  preservative 
because  it  allows  of  a  greater  water  penetration  than  the  heartwood, 
where  cell  walls  are  made  more  or  less  impermeable  because  of  the 
wall  infiltrations.  Pressure  was  resorted  to  to  drive  the  solutions 
employed  into  the  wood.  These  solutions  were  usually  heated,  in 
order  to  increase  the  amount  pressed  in,  as  hot  solutions  penetrate 
porous  matter  more  readily  than  cold  material.  The  materials  used 
for  impregnation  differed.  They  were  and  now  are  chiefly  copper  sul- 
phate (CuSO,),  zinc  sulphate  (ZuSO^),  zinc  chloride  (ZnCl^),  mercuric 
chloride  (HgCIj),  aluminum  sulphate  (Als{S04)g),  and  the  products  of 
coal-tar  distillation.  The  various  methods  now  in  use  will  be  referred 
to  below. 

THEORY  OP  IMPREGNATION. 

The  theory  upon  which  the  injection  of  salts  into  wood  is  based  is 
that  the  salts  act  as  poisons,  killing  the  fungi  or  bacteria  which  grow 
in  wood  and  destroy  it.  The  amount  of  salt  of  one  kind  or  another 
necessary  to  kill  the  fungi  varies,  but  is  usually  very  small.  In  order 
to  protect  the  wood  it  is  necessary  to  have  a  certain  amount  of  salt  so 
distribnted  that  it  will  suffice  to  prevent  the  growth  of  the  destroying 
^ents.  As  soon  as  the  amount  of  salt  present  falls  below  that  defi- 
nite quantity,  growth  of  the  fungi  will  be  possible.  Most  of  the  salts 
injected  are  soluble  in  water.  The  solutions  are  made  of  varying 
strength,  but  usually  very  much  stronger  than  is  necessary  to  prevent 
growth  of  the  fungi,  for  a  simple  reason.  Timber  impregnated  with 
a  salt  soluble  in  water  will  have  part  of  that  salt  removed  every  time 
the  timber  comes  into  contact  with  water.  The  object  of  preservative 
processes  of  to-day  is  therefore  to  inject  as  much  salt  as  will  go  in,  so 
that  the  time  In  which  all  the  salt  will  be  leached  out  may  be  made  as 
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long  as  possible.  Experience  has  given  us  a  long  series  of  fl^rures  as 
to  the  amounts  of  salta  of  various  kinds  injected  into  various  timbers 
necessary  to  insure  their  lasting  for  some  time.  These  Sgnres  vary 
considerably,  as  was  to  have  been  expected.  The  reader  is  i-eferred 
to  extensive  reports  on  this  subject  by  Chanute,  Curtis  and  others. 

One  must  not  f  oi^et  that  it  is  the  presence  of  the  injected  salt  which 
prevents  decay.  A  piece  of  wood  may  be  in  a  locality  excessively 
favorable  to  the  growth  of  fungi,  but  as  long  as  the  amount  of  salt 
necessary  to  destroy  the  fungus  is  present,  just  so  long  will  the  wood 
remain  sound.  It  is  of  no  use,  therefore,  to  accelerate  the  growth  of 
fungi  in  newly  injected  wood,  as  has  been  suggested,  in  order  to  test 
the  efficiency  of  a  prei^ervative.  Only  when  the  amount  of  salt  in  the 
wood  is  decreased  below  a  certain  per  cent  can  the  fungus  begin  to 
grow. 

Theoretically,  in  order  to  obtain  perfect  protection,  the  preserva- 
tive ought  to  penetrate  every  part  of  the  wood.  "With  the  impreg- 
nating methods  which  depend  on  pressure  this  is  practically  impossi- 
ble, because  of  the  structure  of  wood,  as  already  pointed  out. 

To  sum  up,  an  ideal  preservative  ought  to  conform  to  the  following 
conditions: 

(1)  It  must  be  poisonous  to  bacterial  and  other  destroying  t^ents. 

(a)  It  must  be  capable  of  easy  injection,  and  when  once  in  the  wood 
it  ought  to  stay  there. 

(3)  It  must  penetrate  all  parts  of  a  piece  of  timber;  to  which  a 
fourth  condition  must  be  added  because  of  present  economic  condi- 
tions. 

(4)  It  must  be  cheap. 

KETROORESSIVE   CHANGES  WHICH  TAKB  PLACE  IN   IMPREONATBD 
VFOOD. 

Wood  impregnated  with  salts  soluble  in  water  undei^^ies  changes 
as  soon  as  it  is  exposed  to  weathering  influences.  The  rate  with  which 
the  injected  salts  are  leached  out  differs  with  the  timber.  In  general, 
they  leach  out  most  rapidly  from  those  timbers  into  which  they  were 
injected  with  the  greatest  ease.  The  leaching  out  is,  however,  depend- 
ent on  several  circumstances.  If  wood  be  placed  in  a  position  where 
it  comes  into  contact  with  water  immediately  after  or  shortly  after 
impregnation,  contact  will  be  established  between  the  solution  in  the 
wood  and  the  water  outside,  and  a  rapid  transfer  of  salt  will  result. 
In  wood  which  has  been  dried  after  impregnation  the  water  from 
without  inust  first  of  all  force  an  entrance  into  the  dry  wood,  which 
is  a  slow  process.  In  the  dry  wood  impregnated  with  rinc  or  copper 
salts,  fol-  instance,  these  salts  are  deposited  in  the  lumen  of  the  wood 
fibers  as  the  water  evaporates.  The  greater  portion  of  the  lumen 
is  filled  with  air,  which  makes  the  entrance  of  wat«r  from  without  an 
exceedingly  slow  process.     It  follows  from  this   that  impregnated 
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■wood  (i.  e.,  impregnated  with  a  water  solution)  will  retain  its  anti- 
septic salts  much  longer  when  placed  nnder  conditions  unfavorable 
to  lasting,  if  such  wood  has  been  thoroughly  dried  after  the  impreg- 
nation. As  this  is  a  point  of  considerable  economic  importance, 
reference  will  be  made  to  it  later. 

The  changes  which  wood  impregnated  with  substances  insoluble  in 
wat«r  undergoes  are  as  yet  little  known.  Wood  impregnated  with 
products  of  coal-tar  distillation  may  lose  some  of  these  products  by 
evaporation.  Many  of  the  coal-tar  derivatives  are  slowly  volatilized 
at  temperatures  reached  during  the  summer.  In  cases  where  l^hb 
oils  have  been  used  all  of  these  may  disappear  in  the  course  of  a  few 
years.  As  noted  by  the  writer  some  years  ago,  this  was  the  case  in 
some  timbers  impregnated  with  creosote  and  laid  in  the  hot  sands  of 
New -Jersey.  When  impregnated  with  pi-oducts  which  do  not  boil 
below  175°  C,  wood  may  last  almost  forever,  st  least  without  decay- 
ing." {See  PI.  XIII,  flg,  3,  representing  a  post  of  Baltic  pine  (Pinus 
sylvestris)  impregnated  forty  years  ago.)  In  moist  tropical  countries 
the  changes  in  wood  treated  with  coal-tar  derivatives  are  different 
from  those  in  temperate  climates.  The  writer  is  informed  that  the 
creosoted  sleepers  on  the  Chilean  State  railways  last  bat  a  short  time 
in  the  moist,  warm  forests  of  that  country;  but  then,  again,  the  excel- 
lent results  obtained  on  the  Indian  railways  with  Baltic  pine  sleepers 
impregnated  with  creosote  point  to  the  fact  that  even  under  the  most 
severe  conditions,  when  properly  treated  with  proper  oils,  the  coal-tar 
products  remain  in  the  wood.  The  poor  results  obtained  in  Chile, 
Spain,  and  Portugal  with  creosoted  timbers  are  probably  to  be  ex- 
plained by  the  fact  that  inferior  work  was  done  for  the  sake  of  cheap- 
ening the  process.  As  will  be  pointed  out  below,  it  is  a  rather  sug- 
gestive fact  that  wherever  poor  results  were  obtained  with  tar-oil 
impregnation  there  the  cost  of  the  process  is  also  very  low.  (See  the 
tables  given  by  Herzenstein.) 

The  changes  which  other  insoluble  salts  (see  below)  undergo  are 
not  yet  known,  because  the  processes  using  these  salts  are  of  too 
recent  development. 

It  may  be  stated  again  at  this  time  that  as  soon  as  the  preservatives 
disappear  from  the  wood  the  decay  can  begin. 

XIEBULTS  OF  IIUBEB  lUFREaNATION. 

INTEODUCTION. 

Timber  impregnation  has  been  carried  on  for  so  long  that  there  has 
been  ample  time  to  secure  some  results.  The  decay  of  ship  timbers 
aroused  the  inventive  spirit  of  the  British  at  the  beginning  of  the 
eighteenth  century,  but  it  was  not  until  the  general  use  of  timber  for 

■Throngbont  this  report  mecbauii^al  deHtrnction  wilt  be  expressly  mentioned; 
in  all  other  caaee  decay  by  fungi  will  be  nnderstood. 
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railwaj'  ties  began  that  much  Attention  was  paid  to  the  treatment  of 
timber.  Bonlton'  states  that  "by  the  year  1838  four  several  systems 
of  antiseptic  treatment  were  fairly  before  the  public  and  competing 
for  the  favor  of  engineers.  These  were  corrosive  subUraate,  sulphate 
of  copper,  chloride  of  zinc,  and  heavy  oil  of  tar."  Since  that  time 
these  four  processes  have  been  tried  with  varying  success  in  many 
climates  and  t'ountries.  The  impregnation  was  carried  on  by  railway 
companies  in  particular,  for  they  used  the  larger  proportion  of  that 
timber  supply  which  was  placed  under  conditions  favorable  to  decay. 
Experiments  of  various  kinds  were  conducted,'  generally  by  separate 
companies,  byengineers,  or  scientific  bodies.  These  experiments,  and 
the  experience  of  railway  engineers  and  others,  have  shown  beyond 
question  that  there  are  certain  salts  which,  when  injected  into  timber, 
will  prevent  decay,  and  by  so  doing  increase  the  length  of  life  of  the 
timber.  It  may  be  said  with  safety  that  the  four  processes  referred 
to  by  Boulton  all  prevent  decay  of  timber  more  or  less.  It  is,  then,  no 
longer  a  question  whether  decay  can  be  prevented,  or,  to  put  it  other- 
wise, whether  an  increased  length  of  life  can  bo  obtained  for  any 
given  kind  of  wood;  nor  is  it  a  question  whether  it  is  possible  to  do 
this  economically,  i.  e. ,  whether  it  will  pay  under  the  conditions  which 
obtain  in  the  different  parts  of  the  United  States  to-day.  There  can 
be  no  doubt  that  there  are  processes  which  do  increase  the  length 
of  life  of  timber,  and  do  so  at  a  reasonable  cost.  The  question 
which  is  before  those  who  use  timber  for  any  structural  purpose  is: 
Which  one  of  the  numerous  processes  advocated  shall  we  use?  This 
applies  to  railroad  ties,  fence  posts,  bridge  timbers,  telegraph  and 
telephone  poles,  and  in  fact  structural  timber  of  all  kinds.  The 
answer  to  this  question  must  take  into  con.sideration  (1)  the  cost  of 
the  operation;  (2)  the  comparative  efficiency  of  the  various  treat- 
ments; (.3)  the  readiness  and  ease'  with  which  any  one  treatment  can 
be  employed.  The  answer  mast  be  no  uncertain  one.  A  decision 
one  way  or  the  other  will  involve  a  considerable  outlay  of  capital,  the 
returns  from  which  will  not  be  evident  or  even  certain  for  many 
years.  While  the  results  obtained  during  the  last  forty  years  are 
beyond  question  of  great  value  as  indicating  the  extent  to  which  one 
or  another  process  may  be  trusted,  we  have  few  indications  as  to  the 
comparative  value  of  these  various  processes.  The  results  were 
obtained  in  particular  sections  of  country;  they  are  restricted  to  par- 
ticular soil  conditions  of  which  we  have  only  scant  records,  and  to 
particular  kinds  of  timber.  While  it  is  without  doubt  true  that  all 
timbers  when  placed  under  the  same  conditions  will  decay,  and  will 
probably  behave  in  a  similar  manner  when  injected  with  any  salt, 
there  will  be  differences  in  the  length  of  time  which  they  will  resist — 
a  most  important  factor  from  the  economic  standpoint. 
Anyone  who  has  gone  over  the  published  statements  of  results  of 

•  Bonlton.    The  AntiBepUc  Treatment  o!  Timber,  p.  8. 
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timber  treatment  can  not  bot  be  strack  by  the  numerous  contradictory 
statements  found  in  these  reports.  Voluminoos  discussions  upon  this 
question  have  appeared  every  year,  and  yet  there  seems  to  be  no  well- 
defined  understanding  of  the  best  method  of  timber  treatment.  The 
ditBculty  has  been  that  many  have  tried  to  compare  results  obtained 
with  the  same  or  similar  processes  in  difEerent  localities  under  different 
conditions.  It  is  obviously  unfair  to  condemn  a  process  because  it 
has  given  poorer  results  in  Geoi^ia  than  in  a  Northern  State,  if  the 
work  has  been  done  equally  well,  and  to  draw  the  conclusion  that  it 
will  prove  disappointing  on  that  account  in  the  Korthem  States.  The 
trials  given  any  one  process  have  been  made  with  different  timbers, 
and  oftentimes  while  using  the  same  salt-s  difCerent  methods  of  impreg- 
nation have  been  employed.  One  may  be  warranted  in  stating  that 
it  may  prove  economic  to  employ  one  system  in  one  place,  another 
in  a  second  part  of  the  country.  Discussions  of  results  obtained  in 
that  way  have  little  value  and  tend  to  confusion  and  cloudy  con- 
ceptions. One  must  face  the  problem  squarely,  and  experiment  with  a 
definite  end  in  view.  The  absolute  value  of  an  impregnating  method 
in  terms  of  years  will  probably  never  be  known  because  of  the  varia- 
bility in  conditions,  but  one  can  obtain  results  as  to  the  comparative 
value  of  the  different  methods. 

In  a  following  chapter  an  experiment  will  be  described,  which  was 
begun  this  year,  with  the  intention  of  getting  at  some  of  the  data 
spoken  of  above.  Similar  experiments  have  been  made  on  some  of 
the  European  lines,  but  these  have  been  for  the  most  part  (with  one 
exception)  conducted  by  many  people  and  with  variable  conditions, 
so  that  the  results  obtained  are  questionable.  Reference  need  only  he 
made  to  the  results  obtained  on  one  of  the  Austrian  roads,  the  i-ecord 
of  which  is  given  on  Diagram  I.     (See  also  p.  46. ) 

BXPBRIME^'T  HADE  IN  TEXAS. 

The  chief  difficulty  encountered  in  obtaining  results  with  any  one 
method  of  timber  treatment  is,  as  has  been  pointed  out,  that  one  must 
wait  for  such  a  long  number  of  years  before  arriving  at  satisfactory 
conclusions.  It  is  well  known  that  treated  timbers  decay  with  greater 
rapidity  in  some  parts  of  this  country  than  in  other  parts.  It  was 
thought  possible  that,  by  selecting  a  region  where  decay  took  place 
with  the  greatest  rapidity,  the  retrogressive  changes  which  take  place 
in  timber  might  be  hastened.  After  an  inspection  of  different  sec- 
tions, the  southern  part  of  Texas  was  selected  as  fulfilling  the  desir- 
able conditions.  The  ties  treated  with  chloride  of  zinc  had  decayed 
in  from  two  to  four  years  in  this  section,  while  untreated  timber 
decayed  in  twelve  to  fouiteen  months.  A  portion  of  track  belonging 
to  the  Santa  Fe  Railroad  was  selected,  tying  some  75  miles  east  of 
Somervillo,  Tex.  The  ground  in  which  the  timber  is  placed  admits 
of  little  drainage.     The  annual  rainfall  and  the  average  temperature 
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are  high.  The  track  is  shaded  for  some  diatanoe.  These  condltioDs 
favor  uot  only  rapid  changes  in  the  salts  injected  into  timl>er,  but 
also  rapid  growth  of  the  destructive  fungi  when  once  the  amount  of 
salt  injected  has  fallen  below  the  minimum.  The  experiment  waa 
begun  with  ties,  for  the  reasons  mentioned  in  the  introduction,  that 
they  offer  the  best  means  of  obtaining  rapid  results. 

The  plan  of  the  experiment  was  as  follows.  It  was  ontliued  with  a 
view  of  answering  these  questions:  (1)  Which  treatment  now  advo- 
cated gives  the  bc^t  results  (under  the  same  conditions)  in  increasing 
the  length  of  life  of  the  timber?  (S)  Does  one  and  the  same  kind  of 
treatment  give  the  same  results  with  different  timber?  (3)  Can 
inferior  timbers  be  made  to  pay  for  the  cost  of  renewal  by  impreg- 
nating them  with  one  salt  or  another? 

It  was  fully  realized  that  practical  results  could  he  obtained  only 
under  actual  conditions.  T^aboratory  experiments  are  valuable  as 
indicating  what  may  be  expected,  but  they  rarely  are  borne  out  abso- 
lutely in  practice.  The  timbers  used  were  donated  by  various  rail- 
road companies.  Owing  to  this  fact  a  certain  amount  of  experimental 
freedom  had  to  be  sacrificed.  It  would  have  been  desirable  to  use  a 
much  larger  number  of  ties  and  also  several  other  kinds  of  wood. 
The  experiment  is,  therefore,  to  be  regarded  as  a  first  step,  which 
will  have  to  be  improved  upon  as  rapidly  as  it  may  be  possible.  Too 
much  emphasis  can  not  be  laid  upon  this  test,  which,  if  conducted 
properly,  can  be  made  to  answer  most  of  the  unsolved  questions  now 
awaiting  answers. 

The  following  timbers  were  used,  their  sources  being  given  as 
nearly  as  it  was  possible  to  learn  them.  After  each  kind  of  timber 
the  mark  assigned  to  each  in  the  record  nails  is  indicated: 

White  oak W 

Bed  oak BO 

Blackoak BO 

Spanish  oak SO 

WUlowoak WO 

Beech B 

Hemlock _ H 

Tamaraok T 

Long-leaT  pine  - L 

Shor^-le&f  pine  ...■. S 

Loblolly  pine .. LL 

Red- heart  pine ,.  BH 

The  table  following  shows  the  number  of  ties  used  and  the  treat- 
ments given  each.  The  treatment  was  carried  out  by  the  representa- 
tives of  the  valrioQS  companies  now  doing  business  in  this  country. 
The  ties  were  dried  several  months  before  laying,  and  were  then 
placed  in  the  track.  Each  tie  is  marked  with  three  nails.  These 
nails  are  of  heavy  wire,  coated  with  zinc.  In  the  head  the  letters  or 
marks  were  stamped.     Each  tie  has  nails  showing  the  date,  the  kind 
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of  timber,  and  kind  of  treatmeat.  Tbe  nails  were  placed  about  4 
inches  outside  Che  rail."  Accurate  records  will  be  kept  by  this 
Department,  and  reports 'will  be  issued  from  time  to  time,  showing 
what  progress  is  being  made. 

While  this  experiment  will  without  doubt  yield  some  valuable 
results,  the  writer  can  not  refrain  from  adding  that  it  could  be  very 
much  improved  upon.  The  circumstances  under  which  the  experi- 
ment waa  made  were  of  "such  a  nature  that  many  of  the  factors 
involved  could  not  be  controlled.  The  ties  were  donated  by  various 
railway  companies.  They  were  cut  at  different  seasons  and  in  differ- 
ent sections  of  the  country.  They  were  seasoned  different  lengths  of 
time  before  treatment  and,  owing  to  delays  in  shipment,  for  different 
periods  after  treatment.  Then,  again,  there  ought  to  have  been 
many  more  ties  of  each  kind,  to  do  away  with  the  variability  of  indi- 
vidual ties.  In  spite  of  these  defects,  the  experiment  is  a  beginning 
in  the  right  direction.  As  pointed  out  in  the  conclusion,  every  rail- 
road which  does  any  treating  ought  to  consider  its  treating  as  pai-t  of 
a  large  series  of  tests.  These  might  he  watched,  and  the  results  cor- 
related by  the  Government.  It  is  only  when  this  work  is  done  on  a 
lai^  scale  that  absolutely  trustworthy  records  will  be  obtained. 

Besides  the  experiment  in  Texas,  an  experimental  greenhouse  H,nd 
culture  pit  waa  constructed  at  St.  Louis  for  the  purpose  of  investigat- 
ing the  comparative  rate  of  decay  of  different  timbers.  Pieces  of 
wood,  one  half  treated,  the  other  half  untreated,  are  inoculated  with 
destmctive  fungi  and  are  placed  under  the  most  favorable  conditions 
for  rapid  decay.     It  is  too  early  as  yet  to  give  any  results. 

Table  L — Varietg  and  number  of  railroad   ties  laid  on  Atchison,  Topeka  and 
Santa  Fe  Railroad  and  the  kiitd  of  preservative  treatment  each  received. 

NOVEMBEB  XO,  UOL 


Bock 

AtohlKm.  T^bi^d  S«lt«  Pe 

IUl5o«Kl. 

Prooon. 

Hemlook. 

pins. 

as 
ft*- 

» 

Red 

■^ 

¥ 

Bnniott.    ZinocMorifle.     BO.. 

100 

60 

GO 
100 

100 

10 

100 
100 

100 
100 

60 

SO 
100 

100 

BO 

100 
100 
lOO 
100 

K. 

100 
BO 

H, 

lOO 

Alderdyce,  Zluocrecvoto,  AL. 
Alderdroe.  Zinc  creoute.  Ed;. 

100 

100 

BO 

100 

■Th«  naile  had  to  be  placed  oateide  beoaiue  the  middle  of  tbe  t 
pletelf  covered  with  ballast. 
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Table  I.— Variety  and  number  of  railroad  fiea  laid  on  AtchUon,  Topeka  and 
Santa  Fe  Raiiroad,  e(c— Continiied. 

NOVEHBEB  EO,  igOl-ContiDaed. 


Prooew. 

St. 

w 

'H°rS^|          Ayer4LordTleCo«i-ny. 
road.  ,   Toma. 

^ 

White  o^.    W 

lg 

1- 

s 

.^„ 

'^' 

Burnett.  Zincchlorlde. 

10 

» 

100 

lOO 

100 

SO 

so 

100 

lai 

wo 

lOO 

no 

w 

100 

10 
10 
10 

w 

90 

20 

a) 

10 

10 
20 
20 

10 

10 

20 
20 

20 

10 
20 

Wellhoiue,   Zinc   Ua- 

Alderdyoe.   Zineoreo- 

Alderdr«i-    Zincoreo- 

ItESUI.Ta  OF  TIMBEB  IMFBEOKAITIOK  IK  EUBOPB.     > 

For  many  years  experiments  and  practical  testa  have  been  made  in 
Europe  to  determine  the  value  of  preservative  processes.  Reports 
con<;erning  results  have  from  time  to  time  appeared,  notably  that  of 
Flad  and  recently  that  of  Mr.  O.  Channte.  In  the  present  accoant 
much  that  these  writers  mentioned  is  verified,  and  here  and  there 
quotations  from  the  earlier  reports  are  given. 

During  the  past  summer  the  writer  visited  various  European  coun- 
tries, Including  England,  Belgium,  Germany,  Switzerland,  Italy, 
Austria,  Russia,  and  France,  for  the  purpose  of  making  a  personal 
investigation  of  the  results  of  timber  impregnation,  as  obtained  by 
railroad  companies  and  others  interested  in  the  impregnation  of  tim- 
ber. During  the  entire  trip  attention  was  paid  in  particular  to  the 
increased  length  of  life  which  various  methods  of  treatment  gave  to 
timber,  as  shown  by  the  actual  position  in  service  of  railway  ties, 
telegraph  poles,  mine  timbers,  etc. ;  furthermore,  to  all  those  attendant 
factors  which  influence  the  life  of  structural  limber,  such  as  the  con- 
dition of  the  soil  in  which  timber  is  placed,  the  drying  before  and 
after  treatment,  the  shape  of  timbers,  the  relation  of  heart  and  sap 
wood,  etc. 

In  the  following  pages  the  results  of  the  observations  will  be  given 
in  brief,  to  be  followed  by  general  considerations.  Before  giving  the 
writer's  personal  observations,  attention  is  called  to  the  report  pub- 
lished under  the  direction  of  M.  Vladimir  Herzenstein,  of  St.  Peters- 
burg, by  the  Sixth  International  Railway  Congress,  entitled  Question 
VIII— The  Preservation  of  Timber,  Paris,  1900.  In  this  report  the 
answers  sent  in  by  87  railways,  of  these  70  European,  to  the  74  quee- 
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tioDS  of  the  commission  are  tabulated,  preceded  by  a  brief  statement 
by  the  author.  The  following  passi^s  ai-e  quoted  from  the  English 
traoHiatioQ  of  this  report,  and  will  serve  to  show,  better  than  any 
long  discussion,  the  present  situation  of  the  timber-impregiiation 
question  in  Europe.  Under  the  heading  of  "Wood  for  all  structural 
purposes"  we  read,  page  8:  "  As  far  as  the  substances  which  are  used 
by  the  different  managements  to  prevent  decay  and  to  produce  non- 
inflammability  are  concerned,  we  have  to  report  that  the  mkjority  of 
the  managements  do  not  pay  much  attention  to  this  subject."  Page 
11:  "The  data  we  have  received  on  the  properties  of  pickled  and 
unpickled  wood  are  not  very  comparable,  as  the  respective  conditions 
are  verj"  different."  Conclusions;  "1.  The  chief  defect  of  unpickled 
wood  for  structural  purposes  is  that  it  is  liable  to  rot.  2.  Creosoting 
pnts  off  such  decay  for  a  long  time,"  etc. 

Under  the  heading  "  Railway  Sleepers  "  we  read,  page  20:  "  Unfor- 
tunately we  are  obliged  to  report  that  no  special  progress  has  been 
made  in  preservative  processes,  although  any  improvements  in  them 
would  lead  to  considerable  economy  in  the  maintenance  of  railways. 
*  *  *  The  different  managements  have  supplied  us  with  much 
information  as  to  the  age  of  the  wood,  but  withont  giving  us  any  infor- 
mation on  the  influence  which  the  age  of  the  wood  has  on  its  life  and 
on  the  efficacy  of  the  pickling  processes. "  Page-22 :  ' '  The  information 
we  have  received  does  not  enable  us  to  determine  to  what  extent  the 
life  of  sleepers  is  affected  by  the  interval  of  time  between  the  time  the 
timber  is  felled  and  the  time  when  it  is  cut  up  into  sleepers." 

These  extracts  might  be  carried  on  to  great  length,  but  they  will 
BufBce  to  show  that  some  of  the  most  vital  points  connected  with  tim- 
ber impregnation  are  as  yet  unanswered.  M.  Herzenstein  has  put 
together  an  immense  array  of  facts,  but  they  are  open  to  the  objec- 
ion  that  they  are  very  incompletie  because  of  the  failure  on  the  part 
of  the  railway  companies  to  answer  the  questions  put  to  them.  The 
report  ought  to  be  carefully  digested,  for  in  its  present  condition  one 
must  hunt  laboriously  through  long  columns  of  figures,  which  is  very 
unsatisfactory. 

In  the  following  the  writer's  observations  will  be  grouped  under 
the  following  headings: 

Ties,  poles,  etc. 

Ballast. 

Tie  plates. 

Impr^nation. 

Life  of  ties. 

Removal  and  disposal  of  ties. 

16369— No.  14^03 S 
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TISB,  POLES,  STO. 

KINDS   OF   TIMBER. 

The  ties  in  use  oq  European  rftilroads  consist  mainly  of  Scotch 
pine  {Pi7ius  sylvestris),  oak  (Quercits  robur  pedunctdata),  and  beech 
{Fagiis  sylvaticu).  In  England  the  Anstraiian  woods  karri  {Eucalyp- 
tus (Urersicotor)  and  jarmh  {Eucalyptus  marginaia)  are  being 
employed  to  some  extent.  Chilean  quebracho  has  been  tried  in 
.  France.  The  ties  are  cut  at  different  seasons  of  the  year,  generally 
in  the  fall  or  winter,  and  shipped,  generally  by  water,  to  some  receiv- 
ing point,  where  they  are  inspected.  The  cost  of  ties  varies  consid- 
ably,  as  may  be  observed  from  the  appended  table.  A  great  deal  of 
attention  is  devoted  to  the  claBsiflcation  of  ties.  Exact  specifications 
are  drawn  up  in  most  countries,  ^ving  exact  dimensions,  terms  of 
delivery,  etc.     Some  of  these  are  given  in  Appendix  I.     The  terms  of 


these  specifications  are  rigidly  adhered  to.  At  every  receiving  point 
a  corps  of  inspectors  makes  examination  of  the  incoming  ties,  reject- 
ing all  those  which  do  not  come  up  to  the  established  standard. 

FORM. 

On  Plate  XII  ai-e  given  the  forms  of  cross  sections  as  adopted  on 
some  lines.  It  will  be  noted  that  there  is  a  good  deal  of  diversity  of 
form,  brought  about  no  doubt  by  strict  adhei-euce  to  long-established 
customs.  Attention  is  called  in  particular  to  tlie  form  of  the  English 
tie  and  the  half-round  form  eoramonly  found  in  Belgium.  The  Eng- 
li.sh  ties  are  cut  two  from  a  log;  the  latter  is  sawn  to  form  a  square 
timber  10  by  10  inches.  In  this  form  it  is  delivered  to  the  railroad,  and 
is  then  sawn  in  two,  making  two  ties,  each  5  by  10  inches  (see  fig. 
13).     The  Great  Western  Railway  specifies  particularly  that  the  ties 
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shall  lie  delivered  in  the  form  of  logs  10  by  10  inches.  These  ties 
consist  of  a  large  portion  of  sapwucd,  surrounding  the  heartwood  on 
all  Bides  but  one.  The  ties  after  being  oreosoted  are  laid  witli  the 
heartwood  side  down,  as  represented  in  the  accompanying  plate 
(PI.  X,  fig.  1).  The  more  resistant  wood  is  thus  brought  into  eontact 
with  whatever  moisture  there  may  be  in  the  soil.  This  fact  will 
be  referred  to  at  another  place.  The  Belgian  tie  is  of  similar  char- 
acter, with  this  difference,  that  it  is  left  half  round.  Its  flat  heart- 
wood  side  is  laid  downward.  Deep  cuts  are  made  into  the  rounded 
side  to  give  a  flat  base  for  the  rail.  The  specifications  for  all  Euro- 
pean ties  include  clauses  exclndiug  decayed  or  injured  timber. 

TIE  SPECIFICATIONS. 

The  high  price  of  timber  has  led  to  the  adoption  of  specificatioDS 
for  ties  on  the  European  roads  which  allow  of  the  greatest  possible 
atillzation  of  material  from  one  tree.     England  and  Belgium  lead  in 


).  IE.— Propoaed  lystem  of  cnttlng  ties  (o>k). 


that  respect,  since  they  get  two  ties  from  a  log  from  which,  as  a  rule, 
but  one  would  be  obtained  in  this  country.  This  is  matle  possible 
only  because  they  make  use  of  all  the  sapwood,  and  make  this  last  as 
long  as  the  heartwood  by  impregnating  it.  Any  consideration  of  their 
way  of  cutting  ties  must  tiske  this  into  account.  One  must  remember, 
furthermore,  that  sawed  timber  is  used  in  all  cases. 

Figure  13  shows  a  log  of  Baltic  pine,  and  illustrates  the  mauner  in 
which  the  English  lines  cut  two  ties  from  a  tree.  Figure  14  shows  an 
extreme  case  of  the  present  method  of  cutting  a  tie  fi'om  a  .small  tree, 
i.  e.  a  tree  which  would  make  but  one  heartwood  tie.  The  dimen- 
sions given  are  taken  for  the  sake  of  illustration,  and  need  not  be 
considered  final. 

As  the  more  economic  use  of  timl>er  is  one  of  the  problems  which  will 
engage  active  attention  in  the  future,  the  writer  ventures  to  suggest 
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the  poBsibility  of  imitating  the  method  of  tie  cutting  as  practiced  in 
England,  witli  some  modifications,  chiefly  of  size.  This  will  refer 
only  to  treated  timl>er.  It  may  not  be  practicable  to  do  this  in  all 
parts  of  the  United  States,  bnt  it  is  a  point  which  is  worthy  of  con- 
sideration and  discussion. 
Figures  15  and  1'5  show  how  two  ties  could  be  cut  from  a  tree, 

LewftTH    or    ricc«.»5'.i3  f^''  Jv  o.*** 
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Fio.  IT.— "S''  used  to  prevent  checkli^. 

assuming  that  the  present  depth  be  sufBcient.  The  new  method 
would  meao  a  wider  tie,  and  one  which  would  require  more  care  in 
laying,  as  the  heartwood  side  would  have  to  be  at  the  bottom.  This 
would  be  no  objection,  for  when  ties  are  treated  thej-  oecome  objects 
worthy  of  more  care  than  is  now  given  to  untreated  timbers.  The 
writer  believes  that  a  section  man  could  be  taught  to  lay  a  tie  prop- 
erly, despite  the  objections  made  byjrome  engineers  and  superintend- 
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enta.  Onr  workmen  are  surely  an  intelligent  as  those  on  the  European 
roads,  and  if  properly  directed  there  is  no  reason  why  the  same  care 
in  laying  ties  can  not  be  obtained  here  as  abroad. 

Ties  cut  two  from  a  log  would  be  somewhat  leas  expensive;  they 
would  all  have  approximately  the  same  form,  which  would  be  of  great 
value  in  impregnating.  An  experiment  will  be  tried  during  the  coming 
year  with  ties  cut  in  this  mauner,  to  determine  exactly  what  may  be 
expected  of  such  a  system. 

SPLITTING. 

Various  devices  are  employed  to  prevent  wood  from  severe  cheek- 
ing and  cracking.  Many  rootls  employ  S-sliaped  steel  bands,  which 
are  driven  into  the  ends  of  badly  cracked  ties  at  right  angles  to  the 
crack,  thus  preventing  any  further  splitting  (fig,  ]  7).  On  some  of  the 
French  lines  bolts  are  inserted  through  the  end  to  hold  badly  split 
beech  ties.  Various  forms  of  wooden  pegs  are  also  used  on  some 
roads. 

STACKING. 

In  all  countries  the  ties  are  stacked  and  dried  before  being  treated. 
The  time  varies  coiwiderably  in  the  different  countries,  but  is  never 


Fio.  18.  -Pile  of  ties  on  Freocb  Eastern  Rkllway. 

less  than  four  to  six  months.  In  some  cases  it  is  dependent  upon  tlie 
demand  for  ties.  At  the  impregnating  pbint  of  the  Great  Western 
Railway  in  England  the  ties  are  allowed  to  season  for  .six  months  l)efore 
treatment  with  creosot«.  The  Eastern  Railway  of  Franco  allows  fif- 
teen to  twenty  months  for  oak  and  six  months  for  beech.  'ITie  Euro- 
pean engineers  have  found  out  bj'  long  experience  that  it  is  absolutely 
essential  that  the  ties  be  thoroughly  dried  before  submitting  them  to 
any  one  uf  the  different  treatments.     A  great  deal  of  care  is  taken  in 
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piling  the  ties,  so  that  their  greatest  amount  of  surface  may  be  exposed 
to  the  sun.  The  Eastern  Railway  of  France  has  probably  brought  the 
piling  methods  to  the  highest  state  of  perfection.  They  baild  the  piles, 
as  shown  in  the  annexed  diagram  (fig.  18)." 

The  slanting  ties  at  the  top  are  so  arranged  that  the  rain  water  runs 
off  almost  wholly.  Befoi'^  treatment  (in  all  countries)  the  ties  are 
prepared  in  various  wa.ts  to  give  the  proper  slant  to  the  rails.  In 
some  eases  holes  are  bore<l  for  the  screw  spikes  or  treenails,  and  those 
which  are  to  receive  chairs  are  adzed.  Wherever  a  water  impregna- 
tion is  used  the  treated  ties  are  stacked  for  two  months  or  more  after 
treatment  in  order  to  have  as  much  of  the  water  as  possible  evaporate 
before  laying  the  tie  in  the  roadbed. 


How  far  the  rigid  requirements  of  the  European  roads  can  be  fol- 
lowed here  is  questionable.  Tie  inspection  is  now  carried  on  in  this 
couutr\'  after  a  fashion.  Some  attention  is  paid  to  defects  and  to 
small  ties.  It  is  probably  not  desirable  to  make  the  specifications  for 
ties  as  stringent  as  abroad,  because  ties  are  cut  with  us  from  trees  of 
all  sizes.  The  tie  supply  of  most  European  roads  is  determined  by 
the  forestry  regulations.  In  their  forests  trees  of  nniforra  size  are 
cut,  and  it  is  therefore  easy  to  obtain  thousands  of  ties  which  conform 
accurately  to  a  prescribed  size.  This  would  be  almost  impossible 
under  our  present  conditions  for  the  reason  stated,  and  the  advantage 
would  hardly  be  great  enough  to  warrant  taking  so  much  troable. 
Defective  ties  can  and  ought  to  be  inspected  against  rigidly,  as  such 
ties  will  create  trouble  when  impregnated  and  afterwards. 

The  long  seasoning  before  ti-eatment,  almost  univeraally  practiced 
abroad,  is  one  of  the  greatest  factors  leading  to  successful  impregna- 
tion with  methods  employing  pressure.  Its  value  can  hardlj'  be  ques- 
tioned. The  seasoning  after  treatment  is  fully  as  important,  and 
perhaps  more  so.  This  is  a  feature  not  sufficiently  atteiiOed  to  in  this 
countrj-,  and  yet  it  is  almost  as  \*it«l  as  the  impregnating  itself. 
During  this  seasoning  process  the  water  or  volatile  substances  in  the 
wood  are  given  an  opportunity  to  leave  the  wood  under  the  most 
favorable  circumstances.  When  once  placed  in  the  soil  in  contact 
with  moisture,  the  water  in  the  wood  has  no  opportunity  of  evaporat- 
ing. In  the  case  of  a  soluble  salt,  this  leaches  out  with  the  greatest 
rapidity  from  wet  wood,  while  dry  wood  is  penetrated  more  slowly 
by  water,  and  consequently  lasts  longer.  The  same  is  trde  of  a  proc- 
ess such  as  the  Hasselmann  treatment,  where  it  appears  lo  be  neces- 
sarj"  to  drj'  the  wood  in  order  to  render  the  union  between  the  cellulose 
wall  and  the  impregnated  salt  more  certain. 

Tlie  drj-ing  of  ties  before  laying  might  be  attended  to  with  excellent 
result-?  in  this  country,  where  no  subsequent  treatment  is  given  to  the 

■  Dofaox.    Note  enr  la  preparation  dee  traverses,  p.  11. 
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timber.  A  tie  laid  into  the  triick  while  still  fall  of  -water  will  decay 
very  rapidly.  The  extra  care  used  in  piling  ties  so  as  to  leave  suffi- 
cient air  space  between  ties  would  be  amply  repaid  by  the  longer 
service  which  would  be  obtained  from  such  seasoned  ties. 

The  methods  of  preventing  splitting  by  means  of  S  has  been 
referred  to. 

BALLAST. 

The  ballasting  of  most  roatls  is  attended  to  abroad  with  extreme  care. 
On  Plates  XV-XVIII  are  shown  sections  of  roadbeds  in  England, 
France,  and  Germany.  It  will  be  noted  that  in  most  cases  the  depth 
of  ballast  under  the  ties  is  considerable.  The  base  line  upon  which 
the  ballast  rests  is  usually  arranged  so  as  to  allow  any  wat«r  to  run 
into  a  lateral  ditch.  The  material  of  which  the  ballast  is  composed 
varies  as  much  as  in  the  United  States,  preference  being  given  to 
broken  stone  or  pebbles  wherever  possible.  The  ties  are  usually 
covered  with  the  ballast.  This  would  seem  to  increase  the  danger  as 
far  as  decay  is  concerned,  but  with  good  drainage  this  is  counterbal- 
anced many  times  by  the  increased  stability  obtained  for  the  whole 
roadbed. 

TIE  FLATB8. 

Tie  plates  are  used  universally.  Where  chairs  are  employed  to  hold 
the  rails,  the  base  of  the  chair  acts  as  a  tie  plate.  The  writer  was 
informed  that  on  some  of  the  English  roads  it  was  due  largely  to  the 
increase  in  the  base  area  of  the  chairs  that  the  recent  long  increase  in 
the  lasting  powers  of  Baltic  pine  ties  was  obtained.  In  Germany 
the  tie  plates  a^  flat  steel  plates,  considerably  larger  than  the  base  of 
the  rail.  The  most  remarkable  results  of  all  those  seen  were  obtained 
in  France  on  the  Eastern  Railway.  This  company  has  for  many  years 
used  tie  plates  of  felt  about  one-fourth  inch  thick.  Of  late  it  has 
employed  plates  made  of  poplar  wood  oue-eighth  inch  in  thickness. 
These  pieces  are  impregnated  with  creosote  and  laid  in  the  adzed  part 
of  the  tie.  The  wear  which  usually  goes  to  disintegrate  the  wood  of 
the  tie  is  there  taken  up  by  the  poplar,  which  is  renewed  a1  short 
intervals.     ITie  cost  of  these  plates  is  given  at  *3  per  thousand. 

There  can  be  no  question  that  the  increase  of  the  lieaiing  surface 
has  added  materially  to  the  length  of  life  of  most  European  ties  and 
that  it  would  do  so  to  a  marked  extent  to  our  lies.  It  is  hardly  fair  to 
apply  European  standards  to  the  conditions  obtaining  in  this  country. 
The  utility  of  the  tie  plate  depends  so  much  on  the  weight  of  the  roll- 
ing stock  and  the  speed  of  trains  that  a  conclusion  as  to  the  value  of 
any  one  form  ought  to  be  drawn  solely  from  experience  liere.  For 
soft  woods  a  broader  bearing  surface  than  that  of  the  rail  will  prevent 
the  rapid  cutting  in  of  the  fiber.  It  remains  to  be  seen  how  far  the 
cutting  of  the  fiber  by  flanges  or  spines,  intended  to  anchor  the  plate 
in  the  timber,  counterbalanceK  the  saving  of  rail  cutting. 
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Attention  is  called  to  the  superior  motle  of  fastening;  the  rail  to  the 
tie  generally  in  use  all  over  the  better  European  lines.  Spikes  are 
fonnd  rarely,  as  it  has  been  found  that  the  tearing  incident  to  driviug 
spikes  into  wood  and  tlio  subsequent  "working"  of  spikes,  rapidly 
renders  ties  unfit  for  use.  Screw  spikes  and  wooden  treenails  are  com- 
monly employed.  Holes  are  bored  in  the  ties  at  proper  points,  some- 
times by  machinery,  in  other  cases  by  hand.  The  screw  spikes  or  the 
treenails  are  then  inserted  and  screwed  or  driven  in.  The  screw  spikes 
do  not  injure  the  fitter  and  hold  the  rail  very  firmly  to  the  tie.  Such 
a  thing  as  working  out  is  absolutely  unknown.  The  managements 
without  exception  expressed  themselves  to  the  effect  that  the  use  of 
screw  Mpikes  had  materially  aided  in  prolonging  the  life  of  the  timber. 
A  recent  invention  is  now  being  tried  on  several  lines,  which  would 
permit  the  use  of  such  ties  where  for  any  reason  the  wood  around  the 
screw  spike  has  begun  to  rot  so  as  to  cause  loosening  of  the  screw 
spike.  A  hollow  wooden  cylinder,  several  times  the  diameter  of  a 
screw  spike,  called  a  "duvel"  is  screwed  into  the  enlarged  hole  left 
by  the  loosened  screw  spike,  and  the  latter  is  then  screwed  into  the 
central  hole  of  the  dtivel.  The  manufacturers  claim  that  an  additional 
life  of  four  or  more  years  is  assured  the  tie  by  this  method. 

The  chairs  in  use  on  some  lines  are  fastened  by  means  of  treenails. 
These  are  made  of  various  hard  woods  and  have  given  universal  sat- 
isfaction. 

MBTHODS  OF  OEFREGNATION. 

INTRODUCTION. 

The  methods  of  impregnation  now  in  use  in  Europe  are,  with  two 
exceptions,  the  same  that  have  been  in  use  for  fifty  years.  The 
prices  of  timber,  of  labor,  and  of  impregnating  materials  have 
changed  somewhat,  and  there  have  been  changes  in  detail,  but  on  the 
whole  tlie  processes  are  the  same.  Wood  impregnation  is  carried  on 
by  nearly  all  railroad,  telegraph,  and  mine  companies,  because  it  is 
an  absolute  financial  necessity.  The  price  of  timber  is  so  high  that 
its  lasting  powers  under  ordinary  conditions  are  too  short  to  assure 
its  economic  use.  Tlie  processes  now  used  differ  in  the  character  of 
the  material  used  and  in  the  cost  of  operation.  The  one  used  in 
England,  Belgium,  and  France — the  creosoting  process — is  the  most 
costly  and  at  the  same  time  the  most  effective  in  preserving  the  wood. 
In  Germany  and  Austria  a  process  making  use  of  zinc  chloride  and 
tar  oil  is  now  in  use,  which  is  cheaper  than  the  English  system,  and 
in  some  other  countries  the  still  cheaper  zinc  chloride  process  is  used. 
The  reason  why  certain  proce-^ses  are  used  in  the  different  countries 
is  difficult  to  define.  lu  England  and  France,  where  the  cost  of  tim- 
ber is  very  high,  it  pays  to  use  the  very  l)est  process;  in  Germany  and 
Austria  certain  processes  are  now  use<l  because  the  various  interests 
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Forms  of  Ties  used  on  some  European  Railways. 

[For  cx[>lanaH0D  see  JisI  ol  illURlralions.] 
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Fig.  I.    New  Baltic  ploe  tie  frDin  Pruuiu  Tallwa;,  treated  with  chlaridc  of  zinc  and  Ur  i>il. 


Fig.  1.    Baltic  pine  tie  laid  in  PntitU  (Monclibahd)  in  iBSj.  tmted  with  cliioride  of  zinc  ud  tar  oil. 
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Pig.  3.    Section  of  Klcgraph  pole,  Imperial  Oermu  p«tal  lerrice.  tresMd  with  tar  oil;  in  unice  alnce  i&ij. 
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ooDcemed  claim  that  their  past  experience  with  one  or  more  processes 
luis  led  them  to  preferone  or  the  other.  Records  have  been  kept  ou 
most  railroads  with  great  fidelity,  i.  e.,  records  which  deal  with  the 
number  of  i-enewed  and  replaced  treated  ties.  Some  of  these  records 
deal  with  ties  treated  with  difFerent  processes  at  almost  the  same 
periods  of  time  Id  one  and  the  same  country.  These  are  of  particu- 
lar value  as  indicating  the  comparative  valne  of  the  treatments  used. 
Uufortnnately  the  trial  of  processes  in  localities  where  the  factors  of 
soil,  climate,  rainfall  are  approximately  the  same  are  very  few  in 
number.  In  Germany  the  Writer  learned  of  two  trial  stretches  of  track 
where  experiments  are  being  carried  on  now  in  a  way  similar  to  that 
described  for  the  one  started  in  Texas  this  summer.  One  of  these  is 
on  the  Prussian  railways  near  Berlin,  the  other  between  Mnnich  and 
Angsbni^  in  Bavaria.  The  results  obtained  on  the  Prussian  line 
were  not  accessible.  The  track  near  Munich  was  laid  with  a  small 
number  of  ties  in  1888.  It  is  as  yet  too  soon  to  expect  final  results, 
but  the  results  obtained  up  to  date  are  of  sufBcient  value  to  warrant 
giving  them.  For  convenience  they  are  given  in  two  tables,  showing 
the  detailed  removal  of  the  ties. 

Table  II  gives  the  results  with  ties  which  were  seasoned  for  some 
months  after  treatment,  while  the  results  shown  in  Table  III  were 
obtained  with  ties  laid  soon  after  treatment.  Table  IV  gives  the  per- 
centage removal,  calculated  from  Tables  II  and  III. 

Table  IL 
[All  tlea  laid  la  1689.    Ttsg  wMoned  b«fore  Ufing.    Nombar  of  tlw  Uld  to  bU  cw«a,  ISL] 
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[All  ties  laid  in  Mnj.  1888.     Tlea  i 


Table  III. 

>t  Beuoned  befon  IsTiug.    Number  of  tieslaid  IdbI 
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•  Donble  aete  of  Ognna  »bow  double  rt 
Tablk  IV. — Summary  thoteing  per  cent  of  tie»  ■-•emoved. 


Untreated. 

zinc  chloride. 

Not  «■- .    a«- 

MermrlGcMorldo. 

Copper  sulphate. 

Kind  oC  timber. 

Notsea- 

8ea- 
■oned. 

■Six 

„%. 

^nlS- 

„%. 

Per«n( 
879.  BE 

Percent. 
Bl.S 

Peromt 
IS.8 

*a.8 
3a.  e 

Per  ant 

PWCBBI. 

Perctni. 

P^cent. 

Percent. 

Pin 

0.0 

18.1 
».7 

10.6 

9.0 

to.<i 

Bee  h  red  bBBrt 

These  tables  require  little  comment,  as  the  figures  tell  their  own 
story.     By  consulting  Table  IV  it  is  possible  to  deduce  the  following: 

EFFECT  OF  SEASONINO  AFTES  TREATUENT. 

That  seasoning  after  treatment  increases  the  life  of  the  treated  as 
well  as  the  untreated  timber  is  very  evident  even  with  this  small 
number  of  ties.  Note  that  in  twelve  years  twice  as  many  untreat«d 
oak  ties  came  out  as  did  of  the  dried  ones.  The  same  diiference  is 
noticeable  with  the  treated  timbers,  particularly  with  pine,  spruce, 
and  beech,  because  more  of  these  came  out  as  a  whole  than  of  the  oak. 
Note  lieech  treated  with  zinc  chloride,  dried,  18.1  per  cent,  not  dried, 
i^i.ii  per  cent;  pine  treated  with  zinc  chloride,  dried,  9  per  cent,  not 
dried,  i'J.H  per  cent. 

RESULTS  OF  TREATMENT. 

The  experiment  has  gone  far  enough  to  show  that  treatment  in- 
tlie  length  of  life  of  the  timber.     Taking  the  timber  which 
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decayed  most  rapidly — the  beech — it  appears  that  treatment  with  zinc 
chloride  increased  the  len^h  of  life  more  than  three  times.  Thus,  all  of 
the  121  untreated  ties  had  come  out  at  the  end  of  the  seventh  year  (the 
greater  number  at  the  end  of  the  fifth).  These  were  all  replaced,  and 
again  they  all  came  out  in  seven  years.  This  is  an  extremely  valu- 
able showing,  as  it  demonstrates  conclusively  that  the  test  made  in 
this  region  is  a  fair  one,  for  when  the  results  ai'e  so  exactly  alike  in 
two  successive  periods  of  seven  years  it  is  probable  that  the  remain- 
der will  prove  equally  trustworthy.  Turning  now  to  the  treated  ties, 
we  find  that  after  eleven  years  82  per  cent  of  those  treated  with  zinc 
chloride  are  still  in  ser\'ice.  With  the  spruce  the  result-i  are  not  as 
favorable,  for  here  only  49  per  cent  were  in  8er^'ice  after  eleven  years. 
With  oak  the  effectiveness  of  treatment  had  not  .nhown  itself  sufQ- 
ciently  to  allow  of  any  conclusion. 

As  for  the  different  treatments  employed,  the  results  are  somewhat 
at  variance  for  the  different  timbers.  With  the  pine  the  copper  sul- 
phate gave  better  results  than  the  zinc  chloride  (copper  sulphate,  16.5 
per  cent  removal;  zinc  chloride,  19.8  per  cent  removal.  For  ties,  not 
dried,  and  copper  sulphate,  no  removals;  zinc  chloride,  !»  per  cent 
removals  for  seasoned  ties).  No  tests  were  made  with  copper  sul- 
phate with  the  other  timbers.  Mercuric  chloride  (corrosive  subUmate) 
gave  better  results  than  zinc  chloride  with  pine,  and  poorer  results 
than  zinc  chloride  with  spruce.  The  difEerences  are  verj'  small, 
however. 

The  most  important  lesson  to  be  learned  from  this  experiment  is 
the  fact  that  here  the  principle  of  comparative  tests  under  similar 
circumstances  was  carried  out  under  rigid  scientific  inspection.  Simi- 
lar timbers  were  treated  by  the  same  person  and  with  the  view  of 
answering  a  definite  series  of  questions.  The  only  objection  that  can 
be  made  is  that  the  number  of  ties  used  was  too  small. 

If  all  the  ties  treated  in  the  United  States  were  incorporated  in  an 
experiment  of  this  kind,  conducted  not  onlj'  in  one  place  but  in  all 
sections  of  the  country,  results  would  be  forthcoming  whose  value  can 
fairly  be  appreciated  by  this  test  of  the  Bavarian  Government.  The 
writer  was  impressed  with  the  business-like  method  with  which  those 
in  charge  of  railway  affairs  in  that  country  were  attempting  to  answer 
the  question  of  timber  treatment. 

Some  interesting  comparative  results  were  obtained  by  several  Aus- 
trian railways.  These  roads,  several  of  them  being  private  corpora- 
tions, had  to  deal  with  the  impregnating  question  with  the  idea  of 
finding  as  cheap  a  process  a.s  possible.  They  impregnated  various 
stretches  with  different  materials  and  kept  records  for  a  number  of 
years, 

A  graphic  representation  of  the  length  of  life  of  ties  treated  by  ^'a^i- 
ous  processes  on  the  Imperial  Railway  of  Austria  is  shown  in  figure  19 
(published  in  1898).     The  vertical  lines  represent  years  of  service, 
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the  horizontal  lines  the  i-enewal  in  per  cents,  each  line  representing 
5  per  cent.  The  diagram  is  very  instructive,  as  it  demonstrates  several 
points.  In  the  first  place,  it  shows  that  the  average  life  of  unimpreg- 
nated  pine  ties,  on  the  particular  line  shown,  isalwut  six  years,  while 
the  .same  ties  when  impregnated  with  zinc  chloride  lasted  on  an  aver- 
age twenty  years,  and  probably  more,  as  there  were  still  18  per  cent 
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Fio,  10.— Diagram  showing  length  of  lire  of  ties  OQ  the  K.Perd.  North.  Rallwair.  Aastrla. 

in  service  after  twenty-five  years.  It  is  true  that  these  ties  were  in 
station  yards,  but  that  detracts  little  from  the  general  results,  so  far 
as  the  matter  of  decay  is  concerned. 

Turning  to  the  oak  ties,  we  note  a  rathei"  surprising  state  of  aiTairs. 
It  will  be  seen  that  tlie  unimpregnat«d  oak  ties  lasted  on  an  average 
as  long  as  those  impregnated  with  zinc  chloride  or  tar  oil,  while  those 
impregnated  with  l^ar  oil  came  out  before  those   treated   with  zinc 
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chloride.  In  view  of  the  fact  that  the  expeiience  of  all  other  roads 
has  shown  the  nnquestioned  superiority  of  the  tar-oil  impregnation, 
one  can  draw  but  one  conclusion  from  this  dia^am,  and  that  is.  that 
the  work  originally  done  with  zinc  chloride  as  well  as  the  tar  oil  was 
probably  very  poorly  done.  It  is  verj'  much  to  be  regrett«tl  that  the 
exact  prices  of  treatment  and  the  amount  of  material  used  could  not 
be  obtained. 

One  could  hardly  find  a  more  striking  instance  of  the  fact  that 
impregnation  is  'worth  nothing  at  all  if  it  is  not  well  done. 

Turning  now  to  another  aeries  of  data,  first  published  in  1885,  we 
find  additional  facts  which  are  given  here,  as  they  show  distinctly 
the  relative  results  on  some  Austrian  roads.  The  vertical  lines  show 
the  number  of  years  which  the  particular  timbers  have  been  in  use, 
while  the  horizontal  lines  indicate  the  percentage  removal.  Begin- 
ning with  the  oak  chart,  we  see  that  unimpregnated  oak  ties  lasted, 
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Fio.  M— DIaitrikin  Bbo«1at[  remoTal  o(  Imprepimted  Sad  nonlmpreKnated  oak  ties. 

on  an  average,  eleven  years,  while  those  treated  with  zine  chloride 
were  for  the  must  part  still  in  position  after  twelve  years,  and  of  those 
treated  with  tar  oil  still  more,  The  long  life  of  untreated  timber  is 
striking  and  i-equires  some  explanation,  particularly  as  we  are  liable 
to  give  the  name  of  oak  to  any  oak.  The  European  oak  is  a  kind  of 
timber  which  belongs  to  the  white-oak  class.  It  is  veiy  much  supe- 
rior to  our  white  oak,  liowever,  and  when  properly  seasoned  (as  is  the 
case  in  most  countries)  it  lasts  about  tweh-©  to  fourteen  years.  'ITio 
Austrian  Southern  Railway  get  fifteen  to  sixteen  years'  life  out 
of  them,  and  they  claim  that  these  ties  came  out  because  of  wear 
rather  than  decay.  It  is  important  to  note  tliat  on  the  diagram  sliown 
there  are  two  lines  giving  duration  of  unimpregnated  ties,  and  that 
these  lines  show  verj' different  lasting  powers.  In  one  case  115,790 
ties  are  accounted  for;  in  the  other,  7,(!C0.  The  two  series  probably 
came  from  diflCei-ent  sections  iif  ('(umtrj',  and  seem  to  emphasize  the 
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fact  that  only  with  large  uuiiibei-s  of  ties  and  under  various  eondi- 
tions,  kept  under  strict  observation,  t-aii  reliable  data  be  obtained. 

The  zinc  chloride  ties  and  the  tar-oil  ties  show  duration  until  the 
twelfth  year.  ^Vfter  that  no  record  was  obtainable.  To  judge  from 
the  trend  of  the  lines  it  seems  probable  that  they  would  hafe  lasted 
for  many  years. 

CONCLUSIONS. 

From  this  series  of  ties  one  may  eonclade  that  in  Austria  oak  ties 
last  twelve  to  fourteen  years,  that  when  treated  with  zinc  chloride 
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Pig.  2L  -  Dl4«Tuu  showinK  remoTal  ol  Impreentited  and  DoolmpreKiuited  beach  tiee  (trial  tmck). 

they  give  a  much  longer  service,  aud  still  more  when  treated  with 
tar  oil. 

T^hirning  now  to  beech  ties,  figure  21  shows  th«  result  of  an  exten- 
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sive  test  on   the  Imperial  Elizabeth  Railroad   of  Austria.     It   is  a 
striking  picture  of  the  comparative  results  and  needs  little   com- 
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ment.  The  uiiimpregnfttod  timber  wa^  all  gone  after  four  years. 
The  ties  tretited  with  zinc  chloride  lasted  on  an  average  eleven  to 
twelve  years,  and  those  impregnated  with  tar  oil  over  fifteen  yeare, 
It  shows  that  zinc  chloride  more  than  doubled  the  length  of  life  of  this 
timber,  which  rots  more  rapidly  than  almost  any  other.  The  large 
number  of  ties  used  is  also  a  favorable  point.  The  zinc  chloride  com- 
pares favorably  with  the  tar  oil.  No  record  of  how  the  treatment  was 
made  was  obtainable. 

Equally  striking  is  the  table  showing  the  result*  with  spruce  and 
fir  ties. 

The  average  life  of  these  ties  may  be  given  as:  ITn impregnated, 
four  to  five  yeai-s;  impregnated  with  zinc  chloride,  nine  to  ten  years; 
impregnated  with  tar  oil,  twelve  years  or  more. 

Here  again  the  zinc  chloride  doubled  the  length  of  life. 
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3Tal  ot  Impregiuktod  KDd  nonlmprwiuted  U 


Figure  23  gives  tlie  result  with  tamarack  ties  on  the  Imperial  Eliza- 
beth Railway  and  the  Salzburg  Tirol  Railroad. 

The  result  may  be  given  as  follows:  Un impregnated,  nine  to  ten 
years;  impregnated  with  zinc  chloride,  probably  thirteen  years; 
Impregnated  with  tar  oil,  over  fifteen  years. 

This  diagram  is  not  so  satisfactorj'  as  the  rest,  because  the  curves 
do  not  extend  out  far  enough.  One  can,  therefore,  only  conjecture 
what  would  have  l>een  the  results  by  following  out  the  curves  as  given. 
Attention  must  be  called  to  the  fact  that  the  European  tamarack  is  a 
verj'  resinous  wood  which  lasts  almost  as  long  as  oak.  It  is  entirely 
difiEerent  from  our  tamarack. 

Pine  ties  are  among  those  which  decay  moat  rapidly.  In  England 
the  Baltic  pine  untreated  lasts  about  eiglit  years,  while  the  same  tim- 
ber lasts  only  four  years  in  Russia.  On  figure  24  it  will  be  noted 
that  the  first  curve,  obtained  from  data  involving  55,270  ties  on  tlie 
Imperial   Northern   Railway  of  Austria,  shows  an  average  life  of 
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untreated  pine  (Scotch  pine ' — Pinu--i  sylvesiris)  nf  five  to  six  yeiirs. 
The  second  cur\'e  shows  a  lasting  of  about  eight  years,  data  coining 
from  six  German  lines  involving  880,000  ties.  The  curves  3  and  4 
show  remarkable  lengthening  of  life  by  zinc  chloride  treatment,  also 
by  tar-oil  treatment.  The  curves  are  not  continued  out  far  enough, 
but  they  show  a  probable  average  of  life  of  over  seventeen  years  for 
the  zinc  chloride  treatment  and  considerably  more  for  the  tar-oil. 

A  comparison  of  the  various  tables  permits  of  some  conclusions  as 
to  the  relative  value  of  the  different  kinds  of  treatment  according  to 
Austrian  experience,  and  also  of  the  relative  effects  of  the  treatment 
on  different  timbers.  In  the  first  place  the  general  results  show  that 
treatment  of  timber  with  zinc  chloride  increases  the  length  of  life  of 
treated  timber  very  materially  and  treatment  with  tar  oil  does  so  still 
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more.  The  difference  in  effectiveness  varies  very  materially  with  the 
kind  of  timber  used.  Beginning  with  oak  ties  treated  with  zinc  chloride 
it  appears  that  the  average  length  of  life  of  untreated  ties  is  eleven  to 
twelve  years,  of  treated  ties  twelve  to  thirteen  years.  That  is  not  a 
very  great  lengtheniDg  of  life.  One  must  not  forget,  however,  that  this 
oak,  as  has  been  pointed  out,  is  an  unusually  resistant  timber,  and  when 
reading  these  figures  the  American  reader  must  not  compare  it  with 
our  oaks.  Thelengtheningoflifeof  tamarack  ties  (fig,  23)  is  much  like 
that  of  the  oak.  It  is  a  resistant  timber  naturally.  When  we  come 
to  the  less  resistant  timbers,  such  as  beech,  pine,  and  spruce,  the 
result  of  zinc  chloride  impregnation  is  surely  very  striking,  particu- 
larly with  the  beech.  With  all  of  these  timbers  the  lengt.h  of  life  was 
more  than  doubled. 
The  results  obtained   with  the   tar  oil  considerably  exceed  those 

■Scotch  pine  is  called  "Baltic  "pine  in  in  oet  European  contrtKts. 
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shown  with  zinc  chloride.     A  glance  at  the  tables  will  suffice  to  show 
this  without  any  further  comment. 

We  come  now  to  a  brief  consideration  of  the  various  methods 
themselves. 

CEK080TING. 

There  is  probably  no  reason  for  discussing  the  value  of  the  creosot- 
ing  process  in  this  report,  for  it  is  believed  that  there  is  no  longer  any 
question  at  this  time  as  to  its  positive  value,  provided  that  it  is  well 
done,  and  under  conditions  which  permit  its  economical  use. 

Creosoting  is  used  on  all  English  and  on  most  French  lines.  It  is 
also  used  in  Belgium.  So  much  has  been  written  on  the  subject  of 
creosoting  timber  that  only  a  few  points  will  be  emphasized  at  this 
time,  especially  as  the  object  of  this  investigation  was  to  see  results, 
rather  than  methods.  A  good  deal  of  time  was  spent  in  the  examina- 
tion of  creosoted  Scotch  pine  in  England.  The  Scotch  pine  is  a  kind 
of  timber  which  corresponds  closely  to  some  of  our  Southern  pines. 
It  is  a  soft  wood  which  would  last  but  few  years  in  an  untreated  con- 
dition. When  treated  according  to  the  best  English  methods,  ties 
made  of  this  timber  have  lasted  twenty-five  years  or  more.  A  careful 
inspection  was  made  of  a  stretch  of  track  on  the  Great  Western  Rail- 
way where  relaying  was  in  progress.  The  custom  of  relaying  entire 
stretches  of  track  in  vogue  in  England  makes  it  possible  to  examine 
side  by  side  many  hundred  ties  of  the  same  age.  On  Plate  XIII,  fig- 
ure 1,  is  shown  the  section  of  a  tie  which  had  been  in  the  track  sixteen 
years.  It  is  a  good  example  of  thousands  of  similar  ties  which  were 
removed  from  a  main  line  to  be  put  into  a  secondary  line.  Especial 
attention  is  called  to  the  small  amount  of  wear  of  the  hole  which  held 
the  treenail  and  of  the  tie  itself.  This  is  due  in  no  small  part  to  the 
use  of  the  chair,  which  distributes  the  load  over  a  large  surface.  The 
use  of  a  chair  with  a  wider  base  has  resulted  in  extending  the  life  of 
ties  on  some  roads  for  five  to  ten  years. 

The  Bethell  process  of  impregnation  is  used  by  most  English  lines. 
The  injection  results  in  a  complete  impregnation  of  the  sapwooil  {PI. 
X,  flg.  1),  with  avery  small  penetration  of  the  heartwood.  This  total 
impregnation  of  that  part  of  the  wood  from  which  decay  usually 
starts  retards  the  destruction  of  this  timber  for  many  years.  AVTien- 
ever  decay  does  start,  it  begins  on  the  lower  side  (PI.  X,  fig.  3)  and 
progresses  very  slowly  upward.  It  is  rather  remarkable  that  the 
heartwood  remains  sound  for  so  long  a  time  with  so  very  small  a  pene- 
tration of  the  creosote  on  the  lower  side  of  the  tie.  It  serves  *o  empha- 
size the  fact  that  the  sapwoo<l  probably  is  the  base  from  which  the 
decay  starts  in  most  cases.  A  tie  of  the  kind  shown  on  Plate  X,  fig- 
ure 3,  will  still  be  of  service  for  many  years. 

The  quality  of  creosote  used  is  carefully  controlled.     Specifications 
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have  been  printed  by  Chaniite."  The  cost  of  the  creosoting  process 
varies  with  the  amount  of  creosote  injected.  The  following  prices 
from  the  balance  sheet  of  one  road  for  May,  1901,  may  be  taken  as  a 
fair  average  at  the  present  time: 


EusllA 

United 

..       d. 

»  io.<n 

p.m 

Tpe«lment: 

0    e.H 

0     8.9B 

1      2.90 

.ate 

6     0,80 

1.246 

In  Belgium  oak  ties  are  treated  much  as  in  England.  Ties  were 
examined  which  had  been  in  the  track  for  fifteen  years.  They  were 
sound  and  showed  no  changes.  The  sapwood,  which  is  very  narrow, 
is  the  only  part  which  can  be  injected,  yet  the  quantity  of  creosote 
which  it  absorbs  is  ample  to  protect  the  timber  for  long  periods  of 
time.     The  following  is  the  average  cost  of  the  operation: 


French 

.487 

p.a) 

8,t8T 

Note  that  the  French  Eastern  lUllroad  pnt  In  SO  ponnds. 

The  Belgian  State  Railway  uses  two  kinds  of  creosote,  Iwiling  at 
200=  0.  and  250°  C,  respectively. 

In  France  the  Eastern  Railway  has  obtained  the  best  results  of 
any  roads  in  Europe,  This  is  due  (1)  to  the  unlimited  amount  of 
creosote  of  a  high  grade  which  they  inject;  (2)  to  their  use  of  beech 
timber  for  ties.  This  is  capable  of  absorbing  the  creosote  so  as  to 
become  almost  completely  penetrated.  M.  Dufaux,  in  an  elaborate 
treatise  on  the  process  as  practiced  by  tlie  Eastern  Railway,  describes 
at  length  the  methods  in  use  by  that  company,  and  anyone  contem- 
plating the  use  of  creosote  is  referred  to  this  import.  Through  the 
kindness  of  M.  Dufaux  and  >I,  Mflntz  the  writer  was  enabled  to 
examine  a  long  stretch  of  track  in  which  ties  treated  in  the  years 

■Chanute.  Octave.  The  Preservation  of  Railway  Ties  in  Bnrope  (Am,  Soc.  C. 
E..-.0I.  45,  p.  498,  IMOl). 
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1860-1873  were  in  position.  Sections  of  these  ties  ai'e  shown  on  Plate 
XI.  Their  state  of  preservation  was  certainly  remarkable.  As  a 
resalt  of  their  experience  with  beech  timber  French  engineers  claim 
that  it  pays  to  inject  as  much  creosote  as  the  tie  will  hold.  'Vhe  extra 
ponnd  or  two  will  be  amply  compensated  for  by  the  greatlj'  extended 
life  of  the  timber.  Oak  (ies  lasted  about  fifteen  years,  and  had  to  be 
removed  because  they  were  worn  out;  beech  ties,  as  Indicated,  lasted 
thirty  years. 

The  cost  of  the  operation  is  given  as  1  franc  (20  cents)  for  oak  ties 
and  2.25  fr%nC8  (45  cents)  for  beech  ties,  exclusive  of  transportation 
or  boring. 

SUHHABV. 

The  use  of  creosote  for  preserving  timber  has  been  shown  by  the 
experience  of  the  English  and  French  lines  to  be  beyond  question  a 
method  which  protects  those  parts  injected  with  it  absolutely.  Such 
timbers  as  can  be  wholly  impregnated  with  creosote  will  never  rot; 
they  may  wear  out  because  of  mechanical  abrasion. 

ZINC  CHLORIDE. 

The  zinc  chloride  treatment,  once  so  generally  in  use,  is  gradually 
being  abandoned,  because  tar  oil  is  so  much  more  effective.  On  a 
large  scale  it  is  now  used  only  on  some  of  the  Austrian  roads  and  on 
a  few  small  German  lines.  The  general  results  obtained  on  several 
Austrian  roads  and  in  Bavaria  were  discussed  above.  The  Austrian 
Northern  Ferdinand  Railway  still  employs  this  process,  because  it  has 
been  doing  so  for  many  years,  and  as  the  road  is  soon  to  be  turned 
over  to  the  Government  it  regards  the  results  which  are  being  achieved 
to  be  sufficient  tor  their  present  purpose.  On  the  Austrian  Southern 
Railway  beech,  oak,  pine,  and  larch  ties  are  in  use,  of  which  the  first 
three  have  been  impregnated  with  zinc  chloride  for  four  years. 

This  is  too  short  a  time  to  give  results.  The  objections  made  to  the 
zinc  chloride  are  that  it  leaches  out  rapidly,  and  that  it  causes  the 
spikes  to  wear  out  more  rapidly.  Attention  is  here  called  to  the 
so-called  decay  of  many  ties  impregnated  with  zinc  chloride,  especially 
near  the  spikes.  The  wood  turns  bluish  in  color,  and  gradually  be- 
comes brittle  and  pulverizes  easily,  so  that  the  spikes  no  longer  hold. 
This  change  is  not  due  to  decay,  but  to  the  acid  formed  in  the  wood. 
This  attacks  not  only  the  wood  fiber,  but  also  the  spikes.  These 
changes  in  the  chloride  of  zinc  were  first  studied  by  Grittner,  in 
Austria,  and  are  referred  to  by  Schneidt.  They  require  further 
exhaustive  study  in  this  country,  where  this  action  of  the  zinc 
chloride  is  as  yet  little  understood.  Oak  ties  are  in  use  on  some  parts 
of  the  southern  Austrian  system,  but  they  are  not  impregnated,  for 
the  reason  that  they  generally  wear  out  before  rotting. 

Zinc  chloride  was  formerly  very  widely  used  in  Russia.  On  the 
Warsaw- Vienna  line  oak  ties  are  u.sed  exclusively  at  the  present  time. 
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These  are  not  impregnated.  They  cost  from  3  to  2.15  rabies  ($1.08  to 
$l.lG)and  the  treatment  with  zinc  chloride  costs  30  kopecks  (16  cents), 
which  is  considered  very  high,  especially  as  it  was  found  that  under 
the  conditions  obtaining  in  Poland  the  length  of  life  of  an  oak  tie  was 
increased  but  two  years  by  the  treatment.  This  the  management 
regarded  as  too  small  an  increase  to  justify  the  expense.  On  the 
RuHsian  lines  zinc  chloride  is  used  in  treating  Scotch  pine,  and  appar- 
ently with  good  success.  In  Germany  the  chloride  of  zinc  treatment 
by  itself  was  given  up  for  the  most  part  after  the  year  1897, 

It  appears  from  the  foregoinff  that  but  little  impregnation  is  now  being 
done  with  chloride  of  zinc.  It  is  beyond  doubt  a  splendid  antiseptic, 
but  the  rapidity  with  which  it  leaches  out  has  brought  it  into  dis- 
credit with  European  engineers.  The  impression  was  gained  that 
many  railroad  managements  had  overrated  the  value  of  chloride  of 
zinc  as  an  antiseptic.  It  was  known  in  a  general  way  that  the  salt 
leached  out,  and  as  a  result  stronger  and  stronger  solutions  of  the 
salt  were  pressed  into  the  wood.  Nothing  very  deilnite  is  known  even 
at  this  day  as  to  the  rate  at  which  this  salt  leaches  out.  Sehneidt  has 
given  some  results  in  his  paper,"  but  these  are  based  entirely  on  some 
tests  of  ties  which  had  been  in  the  roadbed  for  three  years,  and  in 
these  he  found  the  larger  part  of  the  zinc  ehioride  gone.  The  records 
of  past  years  in  Europe  take  little  oognizance'of  this  leaching  out 
or  the  influence  on  the  lasting  effect  of  increased  or  lessened  amounts. 
Furthermore,  the  same  treatment  was  applied  to  all  timbers-  It  is 
well  known  that  pine  ties  take  up  more  solution  than  oak,  and  ahw 
that  woods  like  oak,  with  a  solid  heartwood,  take  up  very  little 
solution  except  in  the  sapwood.  The  leaching  out  goes  on  differently 
in  pine  and  oak,  faster  from  the  oak  in  some  cases,  and  then  ^aln 
more  slowly,  depending  npon  the  timber  and  on  the  thoroughneas 
with  which  the  impregnation  was  done. 

The  general  impression  gained  was  that  for  soft  timbers,  like  the 
pines,  spruces,  and  beech,  the  chloride  of  zinc  treatment  might  give 
satisfaction  where  the  increased  length  of  life  desired  was  short, 
owing  to  repeated  renewals  because  of  wearing  ont;  but  that  it  had 
proved  unsatisfactory  where  a  largely  increased  length  of  life  was 
looked  for.  For  hard  woods,  such  as  the  European  oaks,  it  did  not 
pay,  because  the  increased  length  of  life  obtained  was  entirely  out  of 
proportion  to  the  cost  of  impregnation.  The  feeling  in  Germany  is 
very  well  voiced  by  Sehneidt,  as  fallows  (p.  16):  "Oak  ties,  which  last 
thirteen  to  fourteen  years,  ought  to  be  impregnated  with  tar  oil  only, 
since  the  small  increase  in  price  of  this  treatment,  as  compared  with 
the  zinc  chloride,  can  not  be  considered  in  view  of  the  high  prices  of 
oak  ties,  and  in  view  of  the  fact  that  tar  oil,  of  all  preservatives,  is  the 
only  one  which  can  give  oak  wood  a  decided  increase  in  life."    And 

■See  Bibliography,  p.  dS. 
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again:  "But  even  for  pine  ties    *    •     *    the  treatment  with  zinc 
chloride  is  not  satisfactory  in  the  long  run." 

The  above  is  without  question  true  for  European  conditions ;  but  one 
can  not  apply  the  same  reasoning  to  this  country.  In  the  first  place, 
of  our  oaks,  the  white  and  post  oak  are  not  a8  high  grade  timber 
as  the  European  oak,  and  our  red,  black,  and  swamp  oaks  are  \'ery 
much  inferior.  Wliile  the  European  oak  takes  little  zinc  chloride 
solution,  our  oaks  take  a  good  deal,  especially  the  inferior  ones. 
After  all,  it  is  largely  a  matter  of  prices.  Whei-e  timber  is  not  as 
expensive  as  it  is  in  Europe,  but  where  it  is  ah-eady  costly  enongh  to 
warrant  treatment,  a  process  which  may  not  be  the  best,  but  which 
does  increase  the  length  of  life  and  which  is  cheap,  is  certainly  worth 
considering  and  worth  trial.  It  costs  about  80  cents  to  ci-eosote  a  tie 
according  to  the  best  practice,  and  it  pays  to  do  this  with  the  ties  which 
cost 91.50,  because  thii-ty  years  of  life  are  possible;  but  it  hardly  pays 
with  ties  costing  but  40  to  50  cents.  A  consideration  of  the  diagrams 
given  on  pages  ii,  i5,  iG,  47,  and  48  will  be  sufficient  to  convince  anj'- 
one  that  zinc  chloride  does  prolong  the  life  of  the  treated  timbers. 
Furthermore,  a  study  of  Mr.  Curtis's  paper  will  show  that  similar 
results  have  been  obtained  in  this  country. 

ZINC   CHLORIDE   AND  COAL-TAR  OIL. 

In  Germany  and  Austria  the  larger  number  of  ties  are  to-day  being 
impregnated  with  a  mixture  of  Kinc  chloride  and  tar  oil.  The  tar  oil 
penetrat«8  but  a  short  distance  into  the  wood  (see  PI.  XIV),  while  the 
zino  chloride  goes  in  to  a  considerable  depth.  The  great  advantage 
which  this  method  is  supposed  to  have  over  other  processes  is  that  the 
creosote  prevents  the  leaching  out  of  the  zinc  chloride.  The  cost 
is  but  little  above  straight  biirnettizing,  as  a  small  quantity  of  the 
coal-tar  oil  is  deemed  sufficient  to  prevent  the  leaching  out  of  the  zinc 
salt.  Impregnation  by  this  method  has  been  carried  on  by  a  number 
of  the  6erman  Government  railways  for  some  years,  and  it  is  claimed 
that  the  ties  so  treated  last  fifteen  to  sixteen  years.  Plate  XIV,  figure 
2,  shows  a  section  of  a  Scotch  pine  tie  laid  on  the  Marschbahn  in  1885. 
It  will  be  noted  that  the  wood  is  still  sound,  although  there  is  little 
evidence  of  tar  oil  in  the  outer  cells.  Figure  19  shows  some  of  the 
results  as  given  by  an  Austrian  line. 

The  writer  examined  a  number  of  sections  where  ties  treated  with 
the  double  process  were  laid.  In  some  instances  the  ties  were  well 
preserved  after  six  years,  although  here  and  there  I'otted  ones  were 
found  only  a  few  years  after  laying. 

The  absorption  of  tar  oil  by  the  different  ties  varies  between  very 
wide  limits.  Some  ties  absorb  very  much  higher  quantities  than  others. 
This  makes  any  control  of  this  process  very  difficult,  especially  as  one 
of  the  objects  is  not  to  put  too  much  tar  oil  into  a  tie,  so  as  to  keep 
the  cost  down.     A  commission  sent  by  one  of  the  French  railways  to 
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examine  into  the  methodB  of  impregnation  with  the  mixture  as  nov 
practiced  in  Germany  reported  adversely,  claiming  that  the  resalls 
obtained  were  not  counterbalanced  by  the  saving  in  the  price  of 
treatment.     This  commission  recommended  the  use  of  tar  oil  alone. 

The  reasons  given  by  this  commission  for  tlie  use  of  tar  oil  alone 
were  that  ties  cost  so  much  in  France  that,  knowing  the  good  results 
which  follow  the  use  of  tar  oil  alone,  it  wonld  pay  to  use  the  very 
best  process  known. 

It  is  interesting  to  note  in  this  connection  that  M.  Merklen,  in  dis- 
cussing the  report  made  on  the  system  of  double  impregnation  by 
Besson,  calls  attention  to  the  fact  that  on  one  of  the  German  lines 
17,375  ties  were  impregnated  with  the  mixture  of  zinc  chloride  and  tar 
oil.  These  ties  were  treated  by  two  different  companies.  One  lot  was 
laid  in  18!>5,  the  other  in  1888.  Of  the  former,  after  six  years,  60  per 
cent  had  been  renewed  in  1901,  while  of  the  latter,  after  thirteen  years, 
only  15.8(j  per  cent  had  been  removed.  This  shows  most  strikingly 
that,  with  one  and  the  same  process,  exceedingly  poor  and  very  good 
results  can  be  obtained,  depending  upon  the  way  in  which  the  work 
is  done. 

It  is  without  doubt  true  that  some  of  the  results  obtained  on  the 
German  lines  with  this  process  are  very  satisfactory,  althoagh,  as  Mr. 
Ghanute  has  pointed  out,  this  is  often  due  to  the  better  drainage  and 
ballasting.  In  view  of  the  fact  that  some  of  the  lines  now  using  this 
.  method  of  treatment  are  actively  engaged  in  searching  for  better  proo 
esses,  an  unqualified  indorsement  can  not  be  given  to  this  one. 
Where  a  llrst-class  tar  oil  can  be  obtained  and  can  be  pressed  into 
the  wood  in  snSicient  amounts,  the  process  may  be  worth  trying.  A 
poor  tar  oil,  which  will  volatilize  readily,  is  worse  than  nothing. 

The  ideal  method  of  using  the  two  solutions  might  be  to  inject  the 
zinc  chloride  first,  dry  the  timber  somewhat,  and  then  inject  the  tar 
oil.  The  difficulty  here  in  to  control  the  amount  of  tar  oil  injected. 
This  process  is  of  course  out  of  the  question  at  this  time,  because  no 
double  handling  would  pay.  The  new  Alderdyce  process  injects  first 
of  all  zinc  chloride,  and  then  tar  oil,  in  one  and  the  same  operation. 

The  comparative  price  of  treatment  of  zinc  chloride  alone  and  of 
the  double  process  has  been  concisely  tabulated  in  Mr.  Ghanute's 
report  as  follows: 

Table  V. 
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UA3SELHAXK   TREATMENT. 

One  of  the  great  drawbacks  of  most  preaervinfj  processes  in  use  at 
the  present  time  is  that  the  salts  injected  are  soluble  in  watev,  and 
on  that  account  leach  out  rapidly  from  the  wood  when  the  latter  is 
brought  iuto  contact  with  moisture.  During  the  last  four  yeain  a 
process  for  treating  timber  has  been  presented  to  engiiieei-s,  which 
makes  the  claim  that  the  injected  salt^  form  an  insoluble  compound 
with  the  wood.  The  inetliod  of  treatment  differs  from  all  those  now 
in  vogue,  in  that  no  pressure  is  used  to  inject  the  salts.  The  timber 
to  be  treated  is  put  into  closed  cylindem,  and  a  solution  of  copper 
sulphate,  iron  sulphate,  aluminum  sulphate,  and  a  small  amount  of 
kainit  is  run  in.  By  means  of  superheated  steam  tlie  solution  is 
brought  to  the  boiling  point.  The  timber  is  thus  literally  boiled  in 
the  solution  for  several  hours.  The  process  has  numerous  advantages 
to  recommend  it  over  the  older  inetho«ls.  The  salts  used  are  cheaper 
than  any  of  the  other  materials.  The  wood  to  be  treated  may  be  dry 
or  wet.  The  treatment  is  cleanly  and  rapid.  The  iron  and  copper 
salts  penetrate  every  fiber  of  the  wood.  This  is  a  notable  advance  in 
the  science  of  timl>er  treatment.  All  salta  heretofore  injected  remaiued 
in  the  cavity  or  himen  of  the  wood  cells,  left  there  when  the  water 
evaporated.  In  the  present  instance  the  salts  penetrate  the  walls  of 
the  wood  cells,  and  apparently  fonn  some  insoluble  c/jmpound  with 
the  wood  substance.  An  investigation  of  this  subject  is  now  being 
made,  with  a  view  of  determining  what  this  insoluble  compound  is, 
and  whether  it  will  be  destructive  to  the  fungus  cells.  The  chief 
value  of  the  new  process,  however,  lies  in  the  fact  that  the  injected 
salts  are  insoluble.  The  writer  made  a  number  of  tests  to  demonstrate 
this  fact,  and  is  convinced  of  its  truth.  There  are  practical  difficulties, 
however,  which  will  have  to  be  overcome.  It  has  not  yet  been  shown 
that  wood  thus  impregnated  is  capable  of  resisting  decay,  and  in  view 
of  the  recent  origin  of  the  process  it  doe.s  not  seem  likely  that  results 
on  a  larger  scale  will  be  possible  for  some  years.  The  first  experi- 
ments made  with  this  treatment  were  carried  on  in  Bavaria  by  the 
Bavarian  Government,  and  since  that  time  a  nnml>er  of  private  com- 
panies have  used  this  nielhotl  of  timber  treatment. 

The  writer  examined  with  care  the  ties  treated  by  this  process  lying  • 
in  several  railway  yai-ds  in  Berlin,  and  on  a  stretch  of  track  near  Berlin; 
also  several  hundred  of  these  ties  on  a  stretch  of  track  near  Angsbnrg 
in  Bavaria.  Without  going  into  details  it  may  be  said  that,  owing  to 
attendant  circumstances,  it  seems  that  the  treatment  as  carried  out  on 
these  stretches  was  done  in  a  manner  unfair  to  the  system  as  advo- 
cated. In  one  case  the  extreme  temperatures  weakened  the  wood 
_  fibers,  and  in  another  case  the  treated  ties  were  laid  in  the  track  very 
shortly  after  their  treatment.  The  results  obtained  in  the  last  years 
and  any  future  results  are  therefore  to  be  regarded  with  suspicion 
as  far  as  tliese  early  tests  are  concerned. 
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The  wrilei'  visited  »  large  uonl-uiining  village  in' the  Bavarian  Alps 
for  the  purpose  of  inspecting  the  results  obtained  with  the  Hasselmann 
treatment  in  the  mines.  The  company  operating  these  mines  had 
after  careful  eonsidei-ation  built  an  imprennating  plant,  where  they 
have  been  treating  all  of  their  mine  timber  for  atmoHt  three  years 
with  the  copper-iron-aluminum  solution.  Since  1895  they  had  been 
using  chloride  of  zinc.  The  timbers  treated  are  chiefly  the  Scotch 
pine  (Pinus  syhestris),  sprnee  {Pkea  excelsa),  and  fir  (Abies  pecti- 
nata).  The  sticks  used,  varying  in  age  from  -10  to  80  years,  ai"©  about 
8  inches  in  diameter,  of  which  a  lai^e  share  is  sapwood.  Much  of  the 
wood  seen  in  the  yards  ready  for  treatment  had  blue  sapwood.  This 
was  not  regarded  as  a  defect  by  the  manager  of  the  treating  works, 

Tlie  timbers  to  be  treated,  after  seasoning  for  some  months,  are  placed 
in  a  cylinder,  where  they  are  heated  in  the  solution  up  to  a  tempera- 
ture of  130°  C.  for  two  hours.  They  are  then  taken  out  and  stacked. 
After  lying  some  six  months  they  are  built  into  the  mine. 

In  August,  1898,  the  ftrat  timbers  treated  with  the  Hasselmann 
treatment  were  put  in.  Pine,  spruce,  and  iir  were  treated.  At  the 
same  time  timbers  treated  with  chloride  of  zinc  were  put  in.  All 
timbers  in  this  mine  are  labeled  with  zinc  labels  giving  the  time  of 
treatment,  the  month,  and  the  year.  Through  the  courtesy  of  the 
general  manager,  the  writer  was  enabled  to  make  a  personal  exami- 
nation of  the  impregnated  timbers  in  the  mine  and  to  have  a  good 
many  treated  timbers  removed.  The  mine  is  what  one  might  call  a 
wet  mine.  The  air  is  surchai^ed  with  moisture  in  the  passages 
("  schlechte  Wetter  Stollen  ")  giving  probably  as  favorable  an  oppor- 
tunity for  leaching  out  of  salts  and  the  growth  of  fungi  as  could  be 
desired.  Both  the  vertical  and  horizontal  timbers  in  the  passages 
were  covered  with  great  masses  of  white  fungns  mycelinm,  and  the 
general  impression  gained  was  that  it  timber  would  rot  anj'where,  it 
would  be  liable  to  do  so  there. 

The  conditions  were  very  different  in  the  passages  with  fresh,  drj" 
air.  The  manager  stated  that  unimpregnated  pine  lasted  three  to 
four  years  in  these  localities.  The  same  timbers  lasted  only  a  year 
and  generally  less  in  the  very  moist  passa^s.  Fir  and  spruce  were 
very  short  lived  in  the  wet  passages.  The  experience  of  the  managers 
led  them  to  use  unimpregnated  timbers  in  temporary  structures  only. 

Of  impregnated  timi)ers  in  the  damper  passages  there  are  now  in 
the  mine:  (1)  Some  pine  treated  with  ZnCl;  in  1896 — i.  e.,  they  have 
given  about  three  years'  service.  All  fir  and  spruce  came  out  before 
1899.  (2)  The  pine  timbers  treated  with  the  copper-iron-alaminum 
mixtures.  These  were  treated  in  August,  1898,  and  include  pine,  fir, 
and  spruce.  The  larger  per  cent  of  these  timbers  is  in  good  condition, 
but  someof  them,  particularly  the  fir  timbers,  were  beginning  to  decay. 
It  is  verj-  much  to  be  regretted  that  no  unimpregnated  timbers  were 
placed  w^ith  the  Impregnated  ones  at  the  time  when  the  latter  were 
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placed  in  the  mine.  A  good  many  timbers  of  pine  and  spruce  of  the 
1898  impregnation  were  still  standing  in  simitar  localities  as  the  Hassel- 
mann  timbers,  although,  as  has  been  said,  most  of  th«m  had  been 
removed  on  account  of  decay.  A  great  variability  with  respect  to 
resistance  to  decay  was  noted.  Too  much  stress  can  not  be  laid  on 
this  point,  particularly  as  it  is  generally  entirely  disregarded.  Some 
timbers  absorb  large  quantities  of  zinc  chloride,  others  very  little; 
then  again  some  timbers  came  from  trees  which  had  grown  more 
rapidly  than  others,  and  therefore  offered  less  resistance  to  decay 
than  the  denser  timbers.  One  conld  not  avoid  being  forcibly  struck 
with  this  fact  in  this  mine,  where  it  was  possible  to  deduce  almost 
any  conclusion  as  regards  the  rate  of  decay  of  the  various  timbere 
impregnated  with  zinc  chloride.  There  were  some  pine  timbere  treated 
with  zinc  chloride  which  had  been  in  the  mine  since  1S9S,  while  on 
the  other  hand  many  of  those  treated  in  1898  were  already  rotted. 

This  t«at  of  the  copper-iron-aluminum  treatment  in  this  mine  is 
certainly  a  valuable  one;  in  fact,  the  only  one  of  this  treatment  which 
can  be  trusted  up  to  date.  It  is  rather  early  to  state  positively  what 
it«  absolute  value  may  be,  but  from  the  facts  above  stated  one  may 
conclude  that  it  does  retard  the  destruction  of  timber.  In  a  mine 
where  the  life  of  a  timber  is  reckoned  by  months  it  is  already  a  very 
good  sign  to  make  a  timber  which  would  last  twelve  to  eighteen 
months  last  thirty  months.  That  it  has  done  this  in  the  Penzberg 
mine  is  beyond  question.  The  owners  of  the  mine  are  so  well  satis- 
fied with  this  treatment  that  they  have  abandoned  the  zinc  chloride 
treatment  altogether,  lliey  regard  the  copper-iron-aluminum  treat- 
ment as  a  good  financial  investment.  The  following  figures  were 
given  by  the  general  manager.     They  require  no  further  explanation. 

Coat  of  operation. 

I  United 
Qannui  StaMs 
money,  j  uuItb- 

COHtot  timber:  Uarkt. 

PJne(P(niu>viKirna).... per  cable  meter,.!  18  (l.fiO 

Fir  I AbttMpecttnata) - do.. -J  18  ^.K 

Sprace  (Pitta  ticttia} do .  IS  l,M 

S^ta,  labor,  etc _ Uo  ...j  *.01  l.flO 


:h  Is  Added  Interest 
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Estimating  that  untreated  pine  lasts  one  year,  they  make  the  follow- 
ing estimate  of  cost  for  I.ihmi  cubic  meters  for  two  yearn: 

I  I  Untied 

Qprman    8tat«a 
money,    egnlvk- 


00  cable  mete™ 

111.000 
1.000 
4,010 

*,«B.IW 
MOOT 

License - 

33.08G 

tHTed    

Total  amoar 

12.316 

3.<n(t.TB 

The  further  behavior  of  the  timbers  imprepnated  with  the  copper- 
iron-alnminiim  solution  in  18!)8  at  Penzberg  will  be  watched  with 
interest.  The  writer  was  impressed  with  the  manner  in  which  the 
impi'e^ating  work  was  done  at  Penzberg.  The  salts  were  carefully 
controlled;  likewise  the  strength  of  the  solution  and  the  temperatures 
at  which  the  wood  was  boiled.  It  was  fully  realized  that  one  and  the 
same  kind  of  treatment  will  not  apply  to  different  woods. 

NEW   PROCESSES. 
THE  BENIUZATION   PROCESS. 

For  about  two  years  a  French  company  has  been  imprecating 
wood,  at  first  with  creo-i-esinate  of  soda,  now  with  magnesium  sul- 
phate, by  means  of  an  electric  current.  The  timber  to  be  treated  is 
placed  in  a  tank  on  a  lead  plate  and  is  covered  with  a  second  plate. 
Tlie.se  plates  serve  as  electrodes.  The  magnesium  salt  enters  the 
wood  celLi  by  "electro-capillarity."  Succeeding  osmotic  changes  are 
supposed  to  bring  about  difFusion  of  the  salt,  so  that  all  parts  of  the 
woo<l  ai'e  finally  impregnated.  The  electrolytic  aetion  of  the  current 
is  said  to  cause  the  formation  of  a  number  of  insoluble  magnesium 
compounds  in  the  walls  of  the  wood  fllwr. 

The  coat  of  operation  is  said  to  be  very  small.  Wood  paving  block.s 
treated  with  this  process  remained  in  good  condition  for  two  years  on 
one  of  the  bridges  in  Paris  under  heavy  trafGc. 


As  one  of  the  great  objections  to  the  use  of  coal-tar  oil  by  itself  is 
the  great  expense  involved,  any  process  which  claims  to  make  use  of 
this  substance  in  smaller  quantities  without  reducing  its  efficiency  is 
Ui  i>e  welcomeii.  The  experiments  have  been  ma<le  with  various  sol- 
vents of  coal-tar  oil,  such  as  benzine,  carbon  bisulphide,  etc.,  with  the 
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hope  of  iotroducing  smaU  quantities  of  the  HUtiseptic,  evenly  distrib- 
uted, and  leaving  it  in  the  wood  by  distilling  off  the  solvent.  These 
have  so  far  proved  failures.  The  present  method  employs  an  emul- 
sion of  tar  oil,  made  by  dissolving  various  quantities  of  resin  in  the  tar 
oil  and  adding  a  strong  solution  of  soda  lye  (NaOH).  In  the  resulting 
emulsion  the  tar  oil  is  found  in  the  form  of  exceedingly  minute  tlropa, 
which  remain  in  the  emulfiifted  state  for  several  weeks.  This  emulsion 
when  pressed  into  wood  distributes  the  tar  oil  evenly  throughout  the 
outer  layers  of  the  wood.  In  the  account  which  the  author  gives  of 
this  new  process  he  says  that  when  tested  as  to  its  toxic  action  on  some 
common  molds  the  relative  value  of  the  tar  oil  and  of  zinc  chloride 
was  found  to  be  3 : 1,  In  other  words,  a  relatively  much  smaller  amount 
of  tar  oil  will  give  the  same  protection  to  timber  as  a  large  amount  of 
zinc  chloride. 

The  process  as  outlined  has  the  decided  a<ivantage  over  the  zinc- 
ehloride  and  tar-oil  treatment  in  that  a  very  much  more  perfect  emul- 
sion is  formed,  which  allows  of  a  much  higher  penetration  of  the  anti- 
septic substance  into  the  timber.  No  actual  test  of  this  method  has 
yet  been  made. 

CREO- RESIN  &TE  PKOCE88. 

This  process  resembles  the  last  in  that  resin  is  dissolved  in  tar  oil, 
but  instead  of  adding  lye  the  inventor  adds  formaldehyde. 

The  wood  is  first  subjected  to  a  high  degree  of  heat  in  order  to  kill 
any  organisms  which  may  be  in  the  wood.  After  creating  a  vacuum 
the  impregnating  solution  is  run  in.  This  process  is  claimed  to  render 
the  wood  absolutely  st«rile  at  fii-st  and  then  to  give  it  additional  pro- 
tection on  the  outside.  As  far  as  the  original  sterilization  goes  there 
seems  to  be  no  good  reason  for  going  to  so  much  trouble.  In  a  natural 
state  there  are  no  living  oi'ganisms  in  the  wood,  and  consequently 
they  can  not  be  destroyed.  Decay  "at  the  heart,"  which  is  so  often 
mentioned,  is  due  to  entrance  of  destructive  growths  from  without, 
juBt  as  decay  on  the  outside  is.  In  living  trees  some  fungi  grow  into 
the  heart  through  old  branches,  and  when  the  timber  is  cut  the  fungus 
may  be  on  the  outside  of  a  stick.  There  in  no  evidence  at  hand  to-day 
which  indicates  that  growth  of  such  fungi  continues  after  death.  All 
other  rotting  i^^encies  would  have  to  get  in  from  without. 

The  reason  why  decay  takes  place  at  the  heart  and  not  outside  is 
easily  nnderstood  when  one  remembers  the  unequal  moisture  con- 
ditions in  the  interior  and  outside  of  cut  wood. 

The  vulcanizing  idea  dealt  largely  with  the  so-called  coagulation  of 
albuminous  substances,  and  much  discussion  has  been  waged  as  to  its 
ultimate  effect  on  the  timber.  Without  entering  into  any  long  dis- 
cussion of  this  question  here,  it  may  be  said  that  dry  heat  up  to  ^12*^  F. 
certainly  does  injure  wood  by  causing  some  of  the  volatile  products 
of  wood  fiber  to  escape.  How  far  moist  heat  does  this  is  as  yet 
unsolved.  It  is  therefore  better  to  heat  wood  to  such  high  tempera- 
tares  only  when  absolutely  necessary. 
16369— No.  14—02 5 
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The  use  of  resin  with  creosote  cau  only  be  commended  from  a  theo- 
retical standpoint.  If  good  creosote  is  used  the  resin  addition  can 
only  add  to  tiie  antiseptic  elements  put  into  the  wood.  The  process 
deserves  extended  trial. 

FERRELL.  PROCESS. 

This  is  a  new  process  recently  introduced  by  s  company  in  this 
countiy.  It  claims  to  injet^t  salts  of  various  kinds  into  wood  (aluipi- 
num  sulphate,  sodium  chloride,  ealcinm  chloride,  etc.)  by  means  of  a 
modification  of  the  old  Boucherie  idea.  The  solution  is  forced  into 
the  end  of  a  stick  of  timl)er.  The  inventors  claim  that  the  salts  pen- 
etrate all  fibers  thoroughly  and  that  they  can  cause  the  union  of 
tw-o  salts  in  the  wood,  thereby  forming  insoluble  compounds.  The 
process  sounds  very  attractive,  but  it  has  had  no  trial  up  to  dat«. 
One  great  objection  is  that  each  stick  of  timber  must  be  handled  sep- 
arately. So  far  there  has  been  no  cost  estimate  available.  As  with 
all  new  methods  a  thorough  test  of  the  process  will  have  to  be  made, 
for  theoretical  considerations  alone  have  never  proved  the  value  of 
an>'thing  which  is  so  complicated  as  timber  preservation. 

CONCLUSIONS. 

The  universal  use  of  different  impregnating  systems  in  Europe  has 
brought  many  of  them  to  a  high  state  of  perfection.  In  England  and 
France  engineers  believe  that  their  system  gives  them  the  best  results, 
and  they  use  (especially  in  France)  as  much  of  the  impregnating 
material  as  the  timber  will  hold,  saying  that  the  extra  firat  cost  is 
amply  paid  for  by  increased  length  of  life.  As  has  been  pointed  outj 
this  system,  which  costs  from  45  to  80  cents,  pays  with  a  tie  which  costs 
from  $1  to  $1.40,  They  know  that  with  this  system  of  impregQation 
they  get  about  thirty  years'  life  out  of  their  timber. 

In  many  other  countries  where  the  price  of  timber  is  not  so  high 
cheaper  systems  of  impregnation  are  in  use,  and  will  continue  to  be 
used.  Zinc  chloride  has  given  good  results  on  some  lines,  even  if  it 
does  leach  out.  Copper  sulphate  has  done  so  likewise.  The  new 
Ha.sselmann  treatment  gives  promise  of  good  results,  and  is  worthy  of 
more  extended  trial. 

The  striking  features  about  the  impregnating  work  as  now  carried 
on  in  Europe  may  be  alluded  to  again  here.     They  are: 

(1)  Seasoning  of  ties  before  treatment, 

{■2)  Strict  inspection  of  ties  and  chemicals  trsed. 

(3)  Injection  of  larger  amounts  of  chemicals  than  are  used  here. 

(4)  Seasoning  of  the  treated  ties  be  fore  placing  in  track. 

(5)  (Jare  in  all  stages  of  treatment. 

The  most  important  comment  which  can  be  made  is  that  the  Euro- 
peans appreciate  that  a  treated  tie  is  different  from  an  untreated  tie. 
If  one  goes  to  the  trouble  of  treating  timber,  it  is  worth  while  to  do  it 
well.     It  is  worth  while  to  regard  a  treated  tie  as  an  object  which 
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needs  special  attention.  In  other  words,  a  treated  piece  of  timber  is 
worth  more  than  the  same  timber  untreated.  The  mere  impregnation 
is  only  one  step  toward  longer  life.  Subsequent  care  will  only  enhance 
the  value  of  the  material.  Proper  seasoning,  careful  laying,  a  prop- 
erly drained  ballast,  and  proper  records,  all  go  to  make  timber 
treatment  a  success. 

Referring  briefly  to  the  situation  in  the  United  States,  one  may  ask 
how  far  the  results  obtained  abroad  are  applicable  to  our  conditions. 
With  the  present  prices  of  ties  and  tar  oil  we  can  hardly  e.xpect  to 
get  the  best  results  obtained  in  Europe.  For  ties  costing  25  to  45 
cents  we  can  not  afford  to  pay  CO  to  80  cents  for  treatment.  It  is  pos- 
sible that  the  tar  oil  may  be  available  at  a  i-edueed  coat,  and  of  as  high 
grade,  in  the  f  utare.  At  the  present  time  the  beehive  ovens  in  which 
coke  is  burned  allow  all  of  the  products  of  coal  distillation  to  escape. 
The  demand  for  tar  oil  may  become  great  enough  to  warrant  con- 
densing these  volatile  products. 

Without  the  tar  oil  our  cheap  ties  will  have  to  be  impregnated  with 
one  or  another  of  the  cheaper  processes,  which  will  increase  the  length 
of  life  sufficiently  to  make  it  i>ay.  Those  which  have  claim  to  consid- 
eration are:  Zinc  chloride  and  its  modification,  the  Wellhouse  process; 
the  mixture  of  zinc  chloride  and  tar  oil;  andtheHasselmann  process. 
To  these  one  ought  to  add  petroleum  products.  Very  little  has  yet 
been  done  in  the  way  of  making  use  of  the  vast  quantities  of  this 
material  for  timber  treatment.  If  some  means  could  be  found  for 
getting  petroleum  or  some  of  its  products  into  wood,  so  as  to  keep  it 
there,  a  great  step  forward  would  have  been  taken.  The  suggestion 
is  not  a  new  one,  but,  in  view  of  the  fact  that  recent  developments 
have  brought  to  light  such  vast  quantities  of  oil  in  Texas,  it  may  not 
be  amiss  to  call  attention  to  it  anew. 

We  know  enough  by  this  time  to  say  that  the  old-fashioned  way  of 
cutting  ties  and  laying  them  in  the  track  to  rot  in  three  or  four  years 
must  be  abandoned,  to  be  replaced  by  a  careful,  systematic  treatment. 
That  timber  impregnation  pays  when  properly  done  can  not  be 
doubted,  and  careful  consideration  of  this  question  is  urged  upon 
all  iaterest«d  in  the  utilization  of  structural  timber. 

BEHOVAI.  AND  DISPOSAL  OF  TIES. 

On  most  European  lines  the  ties  come  out  of  the  main  track  very 
much  sooner,  relative  to  their  life,  than  they  do  in  this  country. 
This  is  no  doubt  due  to  the  greater  responsibility  attached  to  the  rail- 
way managements  as  regards  prevention  of  accidents.  This  period- 
ical removal,  which  occurs  everj-  fifteen  years  on  the  English  lines,  has 
brought  about  a  system  of  classification  of  ties  fit  for  main  running 
lines,  those  for  seoondarj-  lines,  those  for  fence  posts,  those  for  firewood. 
In  most  CAses  long  stretches  of  track  are  renewed  at  one  time,  a  prac- 
tice which  seems  of  rather  doubtful  wisdom  as  far  as  this  country  is 
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concerned.  The  ties  which  are  badly  cut  under  the  rail  or  where 
the  spikes  will  no  longer  hold  are  used  as  fence  posts  along  the  right 
of  way,  or  are  solfj  to  Eai-mers.  Badly  broken  or  partially  decayed 
ties  are  sold  for  fuel  at  the  rate  of  20  cent»  apiece  in  England.  In 
France  similar  use  is  made  of  old  ties,  and  tie  fences  are  familiar 
sights  along  the  right  of  way.  The  transfer  of  ^ies  before  their  com- 
plete wearing  out  has  many  advantages,  and  will,  no  doubt,  be  prac- 
ticed generally  in  the  United  States,  as  it  is  now  on  some  lines  of  road. 
Economy  will  still  keep  many  a  tie,  which  ought  to  come  ont,  in  the 
track.  The  necessity  for  doing  this  will  be  largely  done  away  with 
when  an  impregnating  method  will  make  one  year  more  or  less  of 
service  of  small  account.  By  this  the  writer  does  not  mean  to  argne 
contrary  to  the  maxim  used  by  inspectors,  "to  find  out  how  much 
sound  wood  is  in  a  tie." 


All  roads  which  impregnate  abroad  keep  careful  records  of  the 
treatment  before,  during,  and  after  impregnation,  according  to  the 
following  form: 
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The  ties  are  marked  with  dating  nails  (fig.  25).  These  are  placed 
between  the  rails  on  top  of  the  tie,  generally  in  the  middle  of  the  tie. 
They  are  made  of  steel,  covered  with  zinc  or  tin,  and  have  the  year 
stamped  in  the  head.  When  renewals  take  place  the  date  at  which 
each  tie  was  laid  is  noted,  and  in  that  way  an  absolutely  reliable 
record  is  obtained. 

Too  much  can  not  be  said  infavorof  suchaplan.  The  nails  cost  very 
little,"  and  when  put  in  by  the  section  gang  the  labor  is  verj'  slight. 
The  value  of  an  accurate  I'ecord  of  the  length  of  life  of  treated  timber 
can  not  be  overestimated,  for  it  is 
the  only  way  in  which  a  reliable 
eonclusiou  as  to  the  value  of  the 
impregnating  method  used  can  be 
obtained.  Several  American  rail- 
roads have  already  adopted  this 
plan,  and  it  is  to  be  hoped  that  it 

Ze.e.tioH ^H  I     1  "       will  be  made  a  matter  of  universal 

^-^"^YiNft  «TR«»l]  ■*     I  V«     practice  before  long. 


FiO.  IG.— DatluB  lull  o*ed  on  French  Etatera 


The  impregnation  of  timber  to 
insure  longer  life  has  now  been 
carried  on  for  a  hundred  years  or 
more,  and  yet  we  have  not  fully 
solved  the  problem.  Much  able 
work  has  been  done  on  the  ques- 
tion, but  still  we  are  far  from  the 
goal.  The  subject  is  one  of  the 
greatest  complexity,  and  it  is  no 
doubt  because  of  the  great  number 
gf  variable  factors  which  enter  into  consideration  that  so  little  head- 
way has  been  made.  An  experiment  has  to  take  into  consideration  all 
of  these  faetorg,  and  what  the  magnitude  of  such  an  experiment  ought 
to  be  can  l>e  imagined  by  referring  to  some  of  these  variable  factors. 
I.  Timber: 

(1)  Kind. 

(2)  Age. 

(3)  Season  of  cutting. 

(4)  Sea.soniag. 

(5)  Individual  trees. 

II.  Condition  of  surroundings,  soil,  air,  moisture,  heat,  etc. 
HI.  Impregnating  material: 

(1)  Kind. 

(2)  Amount  used. 

(3)  Method. 


•Same  made  in  the  United  States  coBt  6  c< 


a  pound  CSii  nails). 
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As  mentioned  at  the  outnet,  the  most  attention  to  timber  iraprefina- 
tion  has  been  given  hy  the  railroads.  In  making;  the  following  recom- 
mendations the  tie  phase  is  emphasized  particularly,  because  it  U 
believed  tliat  when  somethinj;  is  found  which  will  increase  the  length 
of  life  of  ties  the  same  will  apply  to  all  other  classes  of  structural  tim- 
ber. Experiments  have  hitherto  been  made  largely  by  railway  com- 
panies on  their  own  lines.  It  has  often  been  the  fate  of  these  experi- 
ments that  they  were  begun  by  a  man  much  interested  in  the  question, 
who  gave  a  good  deal  of  time  and  attention  to  the  matter.  His  suc- 
cessor took  a  different  view  of  things,  and  all  the  work  of  tlie  years 
gone  by  was  thrown  away.  At  the  present  time  a  general  feeling  is 
spreading  that  some  reliable  data  are  wanted  as  to  what  may  be 
expected  of  any  one  or  all  the  systems  advocated.  In  one  of  the  pre- 
ceding chapters  a  plan  was  described  which  has  been  put  into  opera- 
tion during  the  past  summer.  It  is  urged  that  it  will  be  necessary  to 
continue  an  experiment  of  this  kind  before  reliable  data  will  be 
obtained.  Experiments  ought  to  be  started  in  several  parts  of  the 
United-  States,  where  climatic  and  soil  conditions  varj-,  and  with  dif- 
ferent timbers.  The  most  practicable  way  in  which  results  could  be 
reached  would  be  as  follows:  Every  railroad  or  telegraph  company 
doing  any  timber  treatment  might  do  so  with  the  aid  and  advice  of 
this  Bureau.  A  central  body  would  be  able  to  use  the  practical  results 
of  all  sections,  and  could  (by  having  slightly  additional  timber  treated) 
secure  data  which  the  individual  could  not  obtain.  It  is  suggested 
that  the  work  of  this  department  be  extended  so  as  to  include  all 
impregnation  on  all  roads  subject  to  its  supervision,  etc. 

The  questions  which  seem  most  ui^ent  at  this  time  may  be  presented 
In  conclusion. 

SEASONING  OF  TIMBER. 

A  test  on  a  large  scale  should  be  made  to  determine  how  long  differ- 
ent kinds  of  wood  must  be  seasoned  to  give  the  best  results.  The 
different  methods  of  piling  should  be  investigated  to  demonstrate  on  a 
practical  scale  which  gives  the  best  results.  As  indicated  above,  it  is 
believed  that  a  very  great  saving  could  be  obtained  by  giving  more 
attention  to  a  proper  drying  of  timber  before  use. 

SAWN  AND  HEWN  TIMBER. 
Probably  no  one  of  the  problems  discussed  requires  solution  more 
urgently  than  that  of  sawn  and  hewn  timber.  This  ought  to  be  a  very 
simple  matter,  in  view  of  the  fact  that  thousands  of  ties  of  both  kinds 
are  laid  every  year.  When  laid,  the  two  kinds  ought  to  be  indis- 
criminately mixed,  so  as  to  place  them  under  identical  conditions. 

FORM   OF  TIE. 
It  is  recommended  that  ties  cut  according  to  the  English  system  be 
experimented  with  to  determine  whether  such  a  .system  could  be  used 
in  the  United  States. 
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PRESERVATIVE   PROCESSES. 

As  already  stated,  it  wiil  be  desirable  to  test  the  relative  value  of 
the  various  preservative  processes  which  have  been  shown  to  I>e  of 
any  value,  and  such  hew  ones  as  may  have  appeared  in  the  meantime. 
All  timbei's  used  for  structural  purposes  should  be  testetl.  Experi- 
mental tracks  flhonld  be  laid  in  various  Sections  of  the  country,  with 
different  timbers,  subject  to  rigid  scientific  inspection  and  care  by 
trained  i^ei^ons.  These  experimental  tracks  should  be  placed  with  a 
view  of  maintaining  them  under  actual  service  for  a  long  series  of 
yeai-s.  Care  should  be  taken  to  make  eaeh  one  extensive  enough  to 
guard  against  the  mistake  of  drawing  conclusions  from  too  meager 
data.  Connectetl  with  this  examination  are  the  questions  of  the 
influence  of  the  age  of  the  timber  to  be  treated,  time  of  cutting, 
seasoning,  etc. 

CHAKGES  WHICH  TREATED  TIMBER  UNDERGO. 

Tlie  changes,  both  mechanical  and  chemical,  which  treated  and 
untreated  timber  undergo  in  the  course  of  time  should  be  studied. 
The  relative  strength  of  treated  and  untreated  timbers  should  be 
investigated  further.  The  mechanical  and  chemical  changes  which 
the  wood  fibers  undergo  during  treatment  are  as  yet  unknown.  They 
are  of  the  greatest  importance  to  the  engineer  and  architect. 

UTILIZATION   OF  INFERIOR  TIMBERS. 

An  examination  should  be  ma<.le  of  the  possibility  of  utilizing  tim- 
bers for  Btructural  purposes  which  are  now  regarded  for  various 
rea.sons  as  unfit.  The  question  of  utilization  of  inferior  timbers  is  one 
of  the  most  important.  The  tamarack  and  tlie  swamp  oak  are  kinds 
of  timtier  which  few  will  touch  to-day.  They  are  elieap— cheaper  than 
the  sought-after  pine  and  white  oak.  Their  chief  drawback  is  that 
thej'  will  not  last.  Could  the  larger  supply  of  these  timbers  be  drawn 
on  rationally  it  would  tend  to  establish  an  equilibrium,  which  would 
react  favorably  on  the  lumber  industrj,  and  at  the  same  time  tend  to 
save  some  of  those  timbers  more  valuable  for  the  higher  kinds  of 
sti-nctnral  requirements.  It  is  therefore  recommended  that  special 
attention  be  paid  to  these  timljers,  of  which  there  are  a  number  in 
everj' section  of  this  country;  that  they  be  treated  in  various  ways 
and  te.stedas  to  their  mechanical  fitness  and  their  lasting  powers  after 
such  treatment. 

THE  GROWING   OF  TIE  TIMBER. 

Closely  connected  with  this  is  the  question  of  growing  of  timl>er  for 
ties  and  telegraph  poles  in  particular.  In  the  future  it  will  be  the 
object  to  grow  such  timbers  as  will  make  ties  and  poles  in  the  smallest 
number  of  yeai-s,  and  at  the  same  time  ties  and  poles  which  shall  be 
as  good  and  lasting  as  any  others.  The  catalpa  and  eucalyptus  tim- 
bers are  without  ([uestion  among  those  which  will  i-eceive  more  and 
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more  favorable  consideration.  One  of  the  objections  is  their  slight 
resisting  power  to  mechanical  stress  and,  in  some  instances,  to  decay. 
It  is  recommended  that  experiments  be  made  in  ti-eatinj;  the»e  timbers 
80  as  to  render  them  more  resistant  in  all  respet'ts, 

CAUSES    OF  DECAY   OF  TIMBER. 

We  now  know  in  a  general  way  that  fungi  and  bacteria  are  the 
agents  which  cause  the  decay  of  timber.  Tliere  are  mauj'  questions 
connected  with  their  life  histories  which  we  know  practically  nothing 
of.  Some  of  these  maj'  be  pointed  out — the  transmission  of  spores 
from  the  w(K>d  to  the  structural  material,  how  it  takes  place  and  how 
it  could  be  prevented;  the  rate  with  which  various  fungi  grow;  the 
influence  of  soil  conditions  on  their  growth;  the  minimum  amount  of 
antiseptics  which  will  prevent  gi-owth ;  will  fungi  which  grow  in  live 
trees  continue  in  wood  cut  from  the  trees,  etc.  It  is  of  paramount 
importance  that  investigations  be  carried  on  to  answer  these  questions. 
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APPENDIX. 


The  following  specitlcations  and  contracts  are  added  as  samples  to 
show  what  the  present  practice  on  European  lines  is.  The  writer 
regi-ets  that  some  of  the  specifications  which  he  obtained  can  not  be 
printed,  because  the  railroads  in  question  objected. 

A  general  consideration  of  these  contracts  and  specifications  will 
show  that  the  business  as  conducted  falls  into  two  parts — the  deliveiy 
of  timber  and  its  treatment.  The  requirements  differ  in  details,  but 
in  general  there  is  considerable  uniformity.  The  point  which  is  most 
striking  is  the  rigid  inspection  everywhere  prevalent.  That  there  is 
much  to  be  commended  in  this  goes  without  saying,  and  it  would  be 
well  if  some  system  of  this  kind  were  adopted  wherever  impregnation 
if.  carried  on  in  this  country. 

Exhibit  A. 

PRUSSIAN  RAILWAYS. 

Dbscbiption  of  the  Vabiocs  Impreqnatino  Pbocssses, 

a.  lupregnation  with  zinc  chloride. 

The  impregnntioa  ie  divided  into  three  operations: 

1.  Steaming. 

2.  Establishing  of  a  vacnnm. 

3.  Introdacing;  of  the  zinc  chloride  and  applying  of  the  force  pnmp. 
After  the  ties  liave  been  loaded  on  iron  cars  and  put  Into  impregnating  tanks 

hermetically  closed,  they  are  subjected  to  the  inflnence  of  steam  in  order  to  expel 
or  render  harmless  the  sap,  which  readily  ferments,  and  also  to  prepare  the  wood 
for  the  absorption  of  the  impregnating  fluid.  Besides  this,  by  this  steaming  proc- 
ess, as  mnch  absorption  as  possible  of  the  impregnating  fluid  shoald  take  place, 
to  which  end  it  is  necessary  that  the  dry  snrface  of  the  ends  of  the  ties  should 
become  softened  and  that  the  hardened  gnm  should  be  removed,  which  runs  from 
the  ends  and.combinedwithsandauddirt.oftenforma  a  mass  impervious  to  flnids. 

The  steaming  mostlastalongerorshorter  time,  according  to  the  tinieof  the  year, 
the  condition  and  kind  of  wood.  The  influs  of  the  steam  from  the  boiler  into 
the  impregnating  tank  must  be  managed  in  such  a  manner  that  the  pressure  of  the 
steam  in  the  tank  will  reach  l..'i  atmospheres  within  thirty  minutes. 

With  dry  pine  and  oak  ties  it  is  sufficient  to  maintain  the  pressure  in  the 
impregnating  tank  for  thirty  minutes.  With  green  pine  or  oak  ties  the  duration 
of  the  steaming  must  be  correspondingly  lengthened.    It  will  take  longer  for  the 
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pressure  of  the  steam  in  the  Impragiuttiap  tank  to  teach  1.^  atmoepheiic  preaeore 
with  tbeae  timbers,  aod  titenloie  the  preasnre  of  the  staam  moat  be  mjiintained 
for  an  hoar  longer. 

Accordingly,  for  dry  timbers  the  steaming  Inats  at  least  one  hoar,  while  with 
green  timbers  it  mmt  laat  one  and  one-half  hoars,  and  in  some  cases  this  period 
must  be  lengthened  according  to  the  time  necessary  for  the  pressnre  in  the  tank  to 
reach  l.H  atmospheres.  In  impregnating  beech  timbers,  whether  the  wood  be  dry 
or  green,  thest«ani  must  be  continued  duringa  period  of  three  hours  with  the  pres- 
sure of  l.S  Btiuospherea,  so  that  it  may  be  safely  assamed  that  tlie  Iieatiag  of  ICKH 
0.  has  penetrated  1 1  the  Inmost  heart  of  the  wood. 

A  Hteam  gauge  attached  to  the  itnpr^nating  tank  will  indicate  the  preeence  of  the 
prescribed  pressure. 

In  order  to  drive  the  air  out  of  the  tank,  when  the  steam  is  fint  turned  on  a 
cock  at  the  bottom  of  the  tank  must  be  opened  until  steam  comes  out  of  it.  Dur- 
ing the  steaming  this  cock  moat  be  repeatedly  opened  in  order  to  let  out  the  water 
in  proportion  as  the  steam  condenses.  After  the  steaming  the  steam  in  the  tank 
must  be  allowed  to  escape.  Then  a  vacuum  of  at  least  Gl)  oentimeteis  of  mercary 
must  be  established;  this  vacnum  mnat  be  maintained  from  thirty  to  sixty  min- 
ntes.  according  as  the  wood  is  dry  or  green. 

At  the  end  of  this  time,  in  a  steiidily  maintained  vacuum,  zinc  chloride  lye 
warmed  to  63'-  or  more  must  be  forced  into  the  Impregnating  tanks  by  means  of 
ontside  atmospheric  preesure  until  the  tank  is  full.  Then  the  force  pomp  most 
be  used  in  order  to  produce  a  pressnre  of  6}  atmospheres,  which  pressure  must  be 
maintained  fbr  at  least  sixty  minnt«s,  If,  owing  to  the  indications  concerning  the 
strength  of  the  zinc  chloride  lye,  or  in  order  to  reach  the  prescribed  absorption 
of  the  impregnatidg  flnid,  a  longer  period  of  pressure  is  not  required. 

When  this  operation  is  completed  the  zinc  chloride  lye  must  be  drawn  off.  The 
Kinc  chloride  used  for  the  impregnation  must  be  as  free  as  possible  from  foreign 
matter,  especially  surplus  acid,  and  It  must  indicate  a  strength  of  8-  Beaum^  at 
U"  R.  As  a  regulation  to  make  the  impregnation  of  the  wood  as  thorough  as 
possible,  one  must  determine  that  an  air-dried  railway  tie  of  0.IU6  cubic  meter 
contente  must  absorb,  for— 


(a)  Pine  timber  . . 

(b)  Oak  timber... 
(c>  Beech  timber  . 


And  that  an  air-dried  tie  of  0.090  cubic  meter  content  (S.l  cubic  feet)  must  abeoib 
at  least  27  kilograms  (50  ponnds) ,  while  the  air-dried  ties,  reckoning  by  the  cubic 
contents,  must  absorb  per  cubic  meter  (ctS.Sl  cubic  feet)— 


Should  the  foregoing  sx>ecified  absorption  of  impregnating  flntd  not  be  posslbla 
by  the  prescribed  process,  because  the  wood  to  be  impregnated  is  green,  or  excep- 
tionally knotty  wood  is  to  be  impregnated,  then  the  zinc  chloride  lye  must  be  so 
strengthened  that  the  absorption  of  zinc  chloride  free  from  water  shall  correspond 
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wltli  the  amoant  of  lye  3'^  Beaam^  strong  which  b  contained  in  the  specified 


Thence  it  follows,  that  if,  e.  g.,  onlj  SiX)  kilograms  can  he  &haorl>A<l  by  1  enbic 
meterof  pine  wood(1.3poandepet  cnbic  foot),  the  zinc  chloiidt;  lye  used  mast  be 
H"^  B.  attong.  The  samples  necessary  for  the  testing  of  t&e  zinc  chloride  mnst 
be  drawn  rrom  the  ontflow  from  the  safety  valve.  If,  according  to  a  sample 
drawn,  it  should  be  necessary  to  strengthen  the  lye  with  concentrated  zinc 
chloride,  then  it  most  be  determined  by  the  regnlation  that  the  specified  lye  has 
been  present  in  the  tank  for  halC  an  hoar.  The  amonnt  nf  impregnating  flnid 
-  absorbed  by  the  timbers  mast  be  ascertained  by  weighing  all  the  timbers  directly 
before  and  after  impregnating,  the  difFerence  in  the  weight  showing  the  amonnt 
of  impregnating  tlaid  absorbed.  For  the  amount  of  zinc  chloride  foand  lacking, 
a  dednctioa  will  be  made  of  15  kreatsers  per  10  kilograms  of  zinc  chloride  lye 
of8°B. 


The  treatment  is  carried  cat  in  jnst  the  same  manner  as  is  spedfled  fortheproc- 
e«8  with  pare  zinc  chloride:  all  the  BpeciScations  given  for  this  process  remain 
the  same.  In  addition,  wbUe  the  zinc  chloride  is  being  heated,  the  following 
amonnt  of  coal-tar  oil  containing  from  20  to  2-'^  per  cent  creosote  [1.  e.,  carbolic 
acid)  is  added:  9  kilograms  (4  ponn''is  6  onnoeg)  for  each  tie,  or,  in  other  words,  20 
kilograms  for  every  cnbic  meter  of  timber.* 

The  proportion  of  acid  oila  (creosote,  in  other  words,  carbolic  add)  will  be  shown 
by  their  solnbllity  In  eodinm  hydrate  of  1.15  specific  gravity. 

The  mixing  of  the  coal-tar  oil  with  the  zinc  chloride  mnst  take  place  by  means  of 
a  good  mixing  apparatus  and  tmder  an  intltiz  of  steam. 

C— lUPREONATIOH  WITH  COAL  TAR  CONTAINING  CABBOUC  ACID. 

The  impregnation  consists  in  three  operations: 

(1)  The  drying  and  heating  of  the  tiee  to  110°  C,  in  a  drying  oven  or  in  the 
impregnating  tank. 

(2)  The  establishing  of  a  vacnam. 

(8)  Banning  in  and  forcing  in  of  the  coal-tar  oil  by  means  of  the  force  pnmp. 

(I)  Method  of  impregnation,  using  the  drying  oven; 

First  the  ties  mast  be  bronght  on  iron  cars  to  a  wellconstrncted  drying  oven, 
and  then  snbjected  to  a  heat,  gradually  iacreaaing  to  itO^  C,  and  dried  for  at 
least  eight  honra  antll  no  steam  escapes  and  the  wood  has  been  evenly  heated 
thronghont.  After  the  drying,  the  ties,  while  still  warm,  mnst  he  carried  imme- 
diately on  the  same  cars  to  the  iron  impregnating  tenk,  which  mnst  be  thereapon 
henneticaUy  closed. 

Then  a  vacanm  of  at  least  60  cm.  of  meronry  mnst  be  eetabliahed  within  the 
impregnating  tank.  This  vacnam  mnst  be  created  after  the  expiration  of  thirty 
minntes  at  moet  and  maintained  for  thirty  minutes  longer. 

At  the  end  of  this  time,  with  coutlnuoas  application  of  the  air  pamp,  the  tank 
mnst  be  filled  with  the  coal-tar  oil  containing  creosote,  which  mast  be  previooaly 
warmed  indirectly  by  steam  pipes  in  basins  or  a  tank  to  iS°  te  60°  C. 

(II)  Uethod  of  impregnation,  asing  hot  solation: 

In  case  the  heating  should  take  place  in  the  impregnating  tank,  the  ties  and 
timbers  to'^be  impr^sated  mnst  be  brought  directly  to  the  impregnating  tank, 
which  must  be  hermetically  closed. 


■  1  meter  -=  39,37  inches, 

1  kilogram      =  3  pounds  3 
1  cnbic  meter  =  35,31  cubic  feet. 
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Then  a  vacanm  oF  at  leoat  SO  cm.  of  mercnry  mnst  be  created  in  the  tank  filled 
with  timber,  and  the  impregnating  oil,  previoosly heated  toabont  00-^  Cor  more, 
mast  be  rnn  in  in  the  presence  of  a  continued  vacuum. 

During  and  after  the  filling,  the  coal-tar  oil  in  the  impregnating  tank  mnat  be 
warmed  to  105^,  in  some  catiee  1 10'^  C, ,  indirectly,  by  means  of  steam,  either  by  a 
system  of  pipes  lying  in  the  lower  [jart  of  the  tank,  or  by  a  cylinder  arranged 
nnder  the  SAme.  Tbi^  temperatnre  of  the  impregnating  oil  mnst  be  reached 
within  three  hoars  and  then  maintained  for  a  foil  hour  longer. 

Should  the  temperature  of  K/5'=  not  be  reached  within  three  hours,  then  the 
duration  of  the  beating  mnst  be  lengthened  until  105<-'  C.  is  reached.  Prom  this 
point  the  impregnating  of  the  wood  will  be  carried  on  In  the  same  manner, 
whether  the  wood  has  been  heated  In  a  drying  oven  or  in  a  tank. 

Now,  by  nse  of  the  pnmp.  a  pressure  must  be  produced  at  least  G}  atmospheres 
more  tl)an  the  onter  atmospheric  pressure:  this  pressure  mnst  be  maintained  for 
at  least  sixty  minutes  longer,  if  a  lengthening  of  the  duration  of  the  pressure  is 
not  necessary  to  induce  the  specified  absorption  of  the  impregnating  flaid. 

The  oil  produced  from  coal  tar  mast  contain  only  a  minimum  of  easily  volatil- 
ized elements;  the  oils  muet  be  so  heavy,  that,  determining  by  the  greatest  part, 
the  boiling  point  between  ISO-  C.  and  *00^  C.  will  He  beyond  235-^  C. 

The  proportion  of  acid  elements  (creosote,  i.  6. ,  carbolic  aoid)  soluble  in  concen- 
trated alkaline  lye  mnst  amonnt  toat  least  10  per  cent.  In  spite  of  the  high  boil- 
ing point,  the  oil  most  be  thinly  finid  and  sufficiently  free  from  solid  elements  to 
penetrate  immediately  when  ponred  on  dry  crosscut  timber,  and  to  leave  no  other 
residue  than  that  mentioned  above.  At  the  tame  time  the  oil  most  be  sufSciently 
dense  to  be  retained  as  completely  as  possible  in  the  pores  of  the  wood  after  the 
treatment.  It  must  contain  no  OiIe,  or  at  most  S  per  cent  of  oils  having  a  specific 
gravity  of  the  oil,  and  must  not  amount  to  more  than  1.10.  At  most  35  per  cent 
of  other  oils  produced  from  wood  coal,  peat,  and  wood  may  he  mixed  with  the 
coal-tar  oil,  if  the  former  oils  answer  satisfactorily  in  the  specified  properties  to 
the  coal-tar  oil. 

The  contractor  gnaranteee  that  the  average  amonnt  of  creosote,  or.  in  Other 
words,  tar  oil  containing  carbolic  acid,  absorbed  by  each  air-dried  pine  or  beech 
railway  tie  of  the  larger  sort,  of  0.104  cnbic  meter  iD.flT  cnbic  feet)  contents, 
shall  he  at  least  20  kilograms  (2;i.e  pounds),  and  that  absorbed  by  ties  of  the 
smaller  kind,  of  0.090  to  0.UH3  cubic  meter  contents,  shall  be  at  least  18  kilograms, 
and  that  absorbed  by  each  air-dried  oak  railway  tie  at  least  8.S  kilograms  (18.5 
pounds),  and  the  amonnt  absorbed  by  timbers  which  are  reckoned  hy  the  cubic 
contents  shall  be— 


The  amount  of  cool  tar  absorbed  by  the  timbers  must  be  ascertained  in  the  fol- 
lowing manner:  All  the  timbers  mnst  be  weighed,  after  the  drying  in  the  drying 
oven,  or,  if  the  timbers  are  not  pat  in  the  drying  oven,  before  the  treatment  in 
the  impreguHiing  tank,  uod  for  a  second  time  after  the  impregnation. 

For  the  amount  of  coal  tar  found  wanting  by  the  method  stated  above  B  deduc- 
tion of  S  florins  (Aastrian)  per  100  kilograms  will  be  made.  If  the  amount  of  oil 
found  wanting  is  more  than  one-sixth  of  the  specified  amount  to  be  absco'bed,  then 
the  impregnation  must  be  repeated. 
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Exhibit  B. 

Bavabi&n  State  Bailwavs. 


The  impregnating  proceas  ia  divided  into  three  parts: 
(1)  The  Hteftming  of  the  ties. 

(3)  The  eetablishinK  of  a  vacnam  and  the  mtrodncing  of  the  impregnating  flnid 
into  the  tank. 
(3)  The  forcing  in  of  the  impregnating  flnid  by  the  as?  of  the  force  pnmp. 

3.    Steaming  of  the  twn. 

The  ties  most  be  loaded  on  iron  cars,  pat  into  the  impregnating  tank,  and,  after 
the  latter  has  been  hermetically  closed,  the  ties  most  be  heated  by  having  eteam 
tnmed  into  the  tank.  This  ehonid  make  the  wood  fit  for  absorption,  cleanse  it, 
and  soften  and  remove  the  gnm  mixed  with  sand  and  dirt  adhering,  especia'.lr  to 
the  ends. 

Aocording  to  the  season  and  the  condition  of  the  ties,  the  ateaming  mnet  be  con- 
tinaed  for  a  longer  or  BhDrt«r  period. 

The  Inflnx  of  the  steam  most  be  ho  conducted  that  the  steam  gaage  connected 
with  the  impregnating  tank  will  indicate  a  pressure  of  1^  atmospheres  after,  at 
most,  thirty  miaatee. 

Dry  wood  mast  be  sabjected  to  this  steam  preasnre  for  thirty  minates  longer, 
green  wood  for  sixty  minates  longer;  so  that  the  steaming  of  dry  ties  will  last  for 
at  least  one  honr,  of  green  ties  at  least  one  and  oae-half  hoiirs. 

With  the  infiaz  of  the  steam  the  air  in  the  impregnating  tanlc  will  be  expelled 
by  the  opening  of  a  cra^'k  in  the  lower  part  of  the  tank.  Daring  the  stiraming 
this  crack  mast  be  opened  repeatedly  in  ord^r  to  let  oat  the  water  by  degrees  as 
the  steam  condenses;  bnt  this  most  be  done  every  half  hour  at  ieaat,  and  for  the 
last  time  immediately  before  the  air  is  pnnnped  oaL 

After  the  wood  has  been  treated  with  steam  for  a  snfflciently  long  period  the 
steara  mnst  be  drawn  off  from  the  impregnattng  tank. 

4.  The  egtaUUhing  of  ttte  vacuum  and  Uie  pouring  in  of  the  impregnating  fluid. 

After  the  steam  has  been  drawn  oS,  a  vacoum  of  600  mm.  (S3i  inches)  of  meri^nry 
bythevacanm  meter  mnst  be  established  in  the  impregnating  tank  filled  with  ties, 
and  this  vacnnm  most  be  maintained  for  ten  minates. 

At  the  end  of  this  time,  without  reducing  the  vacanm,  the  impregnating  fluid, 
which  must  be  previously  put  in  a  special  tank  and  heated  to  at  least  6'i '  Celsius, 
mast  be  tnmed  into  the  tank. 

The  impregnating  finid  is  prodnced  by  adding  to  the  zinc  ch'.oride  solution,  while 
it  is  being  heated,  1  kg.  of  tar  oil  to  every  10.76  kg.  of  zinc  chloride  (i.  e.,  9.3 
pounds  of  tar  oil  to  every  100  pounds  of  zinc  chloride).  Accordingly,  every  tie 
2.7  m.  (8.80  feet)  long  requires  8  kg.  (8  pounds  8  ounces)  of  tar  oil.  In  order  that 
the  mixing  may  be  as  complete  n.B  possible,  proper  arrangements  must  be  mode  for 
mixing  the  fluids  in  the  presence  of  steam  and  air. 
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5.  The  forcing  in  of  the  impregnatiitg  fluid  bj/  means  of  a  forte  pump. 

After  the  tank  faae  been  completely  fllled  tbe  impregnating  fluid  most  be  forced 
into  the  wood  by  meanH  of  a  pnmp,  the  preesare  being  rttised  to  at  least  7  atmos* 
pherex. 

Tbat  the  saturation  of  tbe  woo.1  may  be  as  complete  as  possible,  thie  preasDre 
maflt  be  maintained  for  at  least  thirty  minntea,  and,  if  it  is  neceaaary,  tbe  time 
mnst  be  lengthened  tintit  the  specified  amount  of  impregnating  flnid  baa  been 
absorbed. 

Tbis  completes  tbe  impregnating  of  tbe  wood,  after  which  tbe  fluid  mnst  be 
drawn  off. 

Suitable  distilling  apparatna  mnst  be  ready  for  the  Temoval  of  any  impurities  in 
tbe  impregnating  fluid  brought  alwat  daring  tbe  treatment 

8,  CompoHtiott  of  the  impregnating  fluid. 

a.  Zinc-cbloride  solution: 

Tbis  mnst  be  as  free  as  possible  from  impurities  and  especially  free  from  free 

Tbe  solution  must  have  a  atrengtb  of  d.n"  Beaume — 1.0244  specific  gravity  at  15° 
Celsius. 

The  proportion  of  metallic  zinc  in  this  solution  amoants  to  1.36  parts. 

It  will  be  admusible  to  mix  in  only  the  very  least  traces  of  other  metals,  espe- 
cially iron,  and  only  In  so  far  as  they  can  not  be  avoided  in  the  manufacture. 

b.  Tar  oil: 

This  tar  oil  mnst  be  so  composed  that  by  distillation  to  ISO**  Celuus,  at  most  3 
per  cent,  from  150-2.^5°  Celslos,  at  most  SO  per  cent,  and  from  150-355"  Celsius 
about  S5  per  cent  is  distilled  over.  Tbe  specific  gravity  at  15°  Celsius  should  be 
between  1.03  and  1.10.  At  20°  Celsius  tbe  oil  should  be  so  clear  that  a  few  drops 
poured  on  filter  paper  folded  several  times  will  be  entirely  absorbed  without  leav' 
ing  more  than  a  trace  of  undissilved  solid  elements.  The  proportion  of  acid  ele- 
ments (like  carbolicacid).  that  is.elementssolable  at  15°  Celsinsin  sodium  hydrate, 
specific  gravity  1.15,  must  auiount  to  at  least  10  per  cent. 

7.  Ouarantee  of  the  ahsorption  of  impregnating  fluid. 

It  is  guaranteed  that  the  averageabeorption  of  impregnating  fluid  for  every  full 
tank  considered  must  amount  to  8o  kg.  (76  pounds)  for  a  fir  railway  tie  2.T  m.  long 
and  16  cm.  by  SS  cm,  cross  section  (8  feet  10  inchee  by  6.3  inches  by  10.9  inches). 

To  ascertain  the  amount  of  impregnating  fiuid  taken  np  by  the  ties,  a  float  must 
be  fixed  in  the  reservoir  from  which  this  fiuid  is  run  into  the  tank,  with  a  l^ble 
scale  above  the  reservoir.  Tbis  SLalemnst  be  graduated  according  to  the  ground 
plan  of  tbe  reservoir,  with  the  assamption  that  the  fiuid  has  a  medium  specific 
gravity  of  1.02  according  to  each  100  kg.  (230  pounds).  At  the  beginning  of  tbe 
absorption  the  resen'oir  must  be  quite  full.  At  the  end  of  the  impregnating,  i.  e„ 
when  the  Impregnating  fluid  has  all  run  back  into  the  reservoir,  the  depth  of  tbe 
flnid  in  the  reservoir  will  be  shown  on  the  scale.  The  difference  between  this 
depth  and  the  depth  when  the  reservoir  was  full  will  give  in  kilograms  the  flnid 
absorbed. 

If,  as  ascertained  above,  less  than  the  specified  amount  of  impregnating  flnid 
should  be  absorbed,  a  deduction  in  money  of  fifteen  pfennig  will  be  made  for  every 
10  kg.  (18  cents  per  100  pounds)  lacking;  but  if  tbe  absorption  should  be  less  than 
flve-sixths  of  the  specified  amount,  tbe  impregnation  most  be  repeated  without 
any  extra  charge. 

S.  Superintendence  of  the  impregnation. 

In  each  case,  eight  days  before  beginning  tbe  treatment  of  tbe  tiea,  tbe  con- 
tractor must  send  a  notiflcation  stating  the  source  of  tbe  zinc  chloride  solution 
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and  of  the  coal-tar  oil.  bo  that  an  agent  of  the  K.  B.  State  Railway  may  be  sent  in 
time  to  anperint«ud  the  work. 

The  agent  mnat  at  any  time  be  free  to  enter  all  the  working  rooms  of  the  con- 
tractor; all  dedred  information  most  be  given  blm  readily,  and  all  implements, 
materials,  and  means  to  assist  his  work,  necesaary  to  carry  ont  his  offtce,  mnst  be 
put  at  his  disposal.    Hia  instmctlons  mnst  be  accurately  followed. 

This  agent  mnst  ascertain  that  the  impregnating  apparatus  ia  fit  for  the  nae  to 
which  it  is  to  be  pnt  and  that  the  instrnctiona  for  impregnating  are  exactly  fol- 
lowed. He  will  accept  the  ties  impregnated  according  to  the  apeclfications.  He 
will  take  aamplee  of  the  fluid  and  of  the  wood  for  chemical  analysia,  and  he  will 
have  remedied  any  deficienciea  he  may  find. 

The  railway  company  has  the  right  to  have  a  chemical  analysis  of  the  impreg- 
nating fluid  made  at  any  time  and  at  the  cost  of  the  contractor. 

9.  ImprtgTialing  jourtiaL 

The  contractor  most  beep  a  jonmal  in  which  are  carefully  recorded  the  several 
proceaees  of  the  impregnation,  the  nomber  of  ties  impregnated,  the  beginning  and 
end  of  the  impregnation,  information  concerning  the  amonnt  of  impregnating 
flnid  absorbed  by  the  ties,  and  also  the  strict  observatian  of  the  Tarioas  specffica- 
tions.    This  jonmal  mnat  always  be  open  to  the  reglatetiiig  agent  for  inspection. 


Method  or  biPRBONATiNO  Railroad  Tibs  as  Afplied  ik  the  Ibipeoul 
lUPREONATiNO  Works  at  Kibcheson,  Bavaiua. 

L — Impregnation  of  ties  in  general. 

Alt  ties  are  impregnated  with  zinc  chloride  in  order  to  Increase  their  durability. 
This  method  of  preparing  wood  conabts  in  steaming  it  in  order  to  dissolve  the 
more  or  lees  dried  substances  in  the  wood  fiber  which  induce  decay.  This  fluid 
is  then  expelled  from  the  wood  as  completely  as  possible  by  means  of  air  pnmpe, 
and  antiseptic  fluids  are  forced  into  the  wood.  The  albumen  remaining  In  the 
wood  cells  is  congealed  and  also  all  substances  capable  of  fermenting. 

A  weak  solution  of  water  and  neutral  zinc  chloride  is  forced  into  the  wood  by  a 
pressure  of  about  eight  atmospheres,  in  order  to  reach  every  possible  part  of  the 
wood,  to  prevent  decay. 

II .  — Pa  rl  icvlart. 

The  method  of  impregnating  the  ties,  which  are  to  be  without  bark,  is  as  fol- 

In  order  to  convey  the  ties  as  quickly  and  as  cheaply  as  possible  to  the  wronght- 
iron  cylinder,  the  wood  is  stacked  as  near  the  workshop  as  possible  and  carried 
from  there  to  the  workshop  by  means  of  small  cars  on  narrow-gauge  tracks.  The 
most  advantageous  means  of  conveying  the  wood  in  and  ont  of  the  cylinder  is  by 
loading  it  onto  an  iron  car.  While  the  wood  ia  going  through  the  process  in  the 
cylinder  it  rests  on  Iron  tracks  that  are  fastened  to  the  cylinder. 

When,  as  an  exception,  single  pieces  of  woodareput  into  the  cylinder,  care  must 
be  taken  to  avoid  contact  with  the  pipes  In  the  bottom  of  the  cylinder  which  are 
to  carry  oS  the  fluids  from  the  wood  and  convey  ztnc  chloride  and  the  like.  After 
the  cylinder  Is  filled  with  wood  it  must  be  sealed  air-tight  by  means  of  the  door  of 
the  cylinder,  which  is  fastened  with  bolts  and  screws.  In  order  to  seal  the  cylin- 
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der  completeiy  an  air-tigbt  sabstance  must  be  put  between  the  top  of  the  cylinder 
and  the  inner  edge  of  the  cover. 

This  is  accomplished  by  means  of  an  iron  ring  whose  croas  section  Is  /'i^ 
Long  strips  of  linen  must  be  wound  around  the  ring  until  it  is  pretty  thicMy  cov- 
ered, and  then  the  whole  is  saturated  with  tallow.  Tallow  must  be  applied  to  the 
ring  each  time  before  wood  is  placed  in  the  cylinder,  but  at  all  other  times  the 
ring  must  be  in  its  place. 

III. 

While  the  wood  is  being  bronght  in  and  the  closing  of  the  cylinder  is  taking  plac.'. 
the  cylinder  is  heated  and  sealed.  Then  steam  of  5  to  6  kg.  (11  to  13  pounds)  is 
admitted.  After  steam  has  been  pouring  into  the  vat  for  thirty  minntea  the  waste 
fancet  at  the  bottom  of  the  cylinder,  for  drawing  oB  the  wood  fluids,  moat  be 
opened  until  steam  pours  out.  This  process  must  be  repeated  from  two  to  three 
times.  The  time  of  steaming  ties  that  are  not  completely  dry,  with  highest  pres- 
sure of  steam,  is  about  three  hours.  The  pressure  of  steam  in  the  cylinder  at  the 
end  of  the  steamini;  must  be  at  least  one-half  atmosphere  for  fifteen  minutes. 
Aft«r  the  steaming  the  steam  faucet  ia  checked  and  the  refuse  fancet  is  opened  to 
draw  oS  the  wood  fluids.    This  faucet  is  left  open  until  the  escaping  steam  emits 

IV. 

After  this  process  all  steam  and  air  most  be  forced  from  the  cylinder  by  means 
of  an  air  pump.  Steam  Tacuum  pumps  are  applied  until  the  air  in  the  cylinder 
has  reached  550  mm.  (2U  inches)  by  the  barometer.  This  is  quite  possible  with 
an  apparatus  in  good  condition.  But  since  not  only  the  air  In  the  cylinder  and  the 
steam  about  the  wood  mnat  be  removed,  but  also  the  riuids  that  come  from  the 
wood,  this  work  must  continue  at  least  one  nour  more,  and  if  the  work  of  prepar- 
ing the  wood  be  not  too  pressing  even  two  hours  would  be  advant^eous. 


After  this  bas  been  completed,  the  solution  of  zinc  chloride  is  allowed  to  flow 
into  the  cylinder.  The  air  pump  continues  to  operate  during  all  this  time.  The 
zinc  chloride  rises  rapidly  in  the  cylinder.  The  height  to  which  the  fluid  has  risen 
can  be  determined  by  placing  the  hand  on  the  cylinder,  since  the  cold  chloride 
cools  its  sides,  which  are  still  hot  from  the  steam.  A  regist«r  attached  to  the  side 
of  the  cylinder  is  a  more  exact  means  for  ascertaining  the  height  of  the  chloride. 

The  air  pumps  remain  in  action  until  they  begin  to  pump  out  the  preparing 
fluid. 

VI. 

After  the  cylinder  had  been  filled  with  the  solution  of  zinc  chloride  and  the  air 
pumps  have  ceased  their  work,  the  pipes  admitting  the  chloride  are  checked, 
though  the  force  pumps  are  brought  into  action  and  the  valve  at  the  top  of  the 
preparing  cylinder  is  opened,  and  thus  the  air  left  in  the  preparing  cylinder  is 
expelled. 

When  the  cylinder  is  so  filled  with  the  chloride  that  it  runs  over  through  the 
valve,  then  the  valve  is  closed.  The  force  pumps  continue  to  work  for  about 
three-quarters  of  an  hour,  the  pressure  reached  at  this  time  being  about  Si  atmos- 
pheres. This  pressure  must  continue  in  action  for  the  entire  time,  but  the  pump- 
ing may  be  slowed  up  gradnally. 

The  fluid  being  forced  into  the  wood  lessens  the  pressure,  and  for  this  reason 
the  pumping  must  continue  during  the  entire  process.    With  oak  wood,  a  pressure 
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of  81  fttmoepheres  can  be  reached  in  ten  isinntee,  because  oak  absorbs  little  &xAA; 
with  pine  wood  fifteon  minat^e  are  needed,  and  with  fir  forty  minateB;  beech  wood 
takee  fifty  mlnntee. 

VIT. 

After  the  neceesary  time  allowed  for  thefinid  toafFectthe  wood  has  elapsed,  the 
air  valve  is  opened,  and  the  fiuid  which  has  not  been  absorbed  la  retnrned  to  the 
reservoir  from  which  it  was  drawn.  Then  the  cover  is  taken  off  the  treating 
cylinder  and  the  wood  is  lifted  ont  and  carried  away  to  be  stacked  np.  After  this 
the  preparing  cylinder  is  thoroughly  cleansed  and  the  sediment  at  the  bottom 
removed.  Then  the  process  is  repeated  exactly  as  described  above  with  the  next 
batch  of  wood.  For  this  whole  process,  from  the  carrying  in  of  the  wood  to  the 
carrying  ont  of  the  impregnated  ties,  the  method  of  procedure  is  written  ont  and 
posted  for  the  workmen  who  follow  it  in  every  detail. 

VIU. 

The  entire  time  occapjed  by  the  process  la  eight  hours  for  ties  not  entirely  dry 
and  six  hours  for  entirely  dry  ones. 

The  scheme  for  impregnation  posted  in  the  workshop  is  to  be  referred  to  often 
and  to  be  followed  by  the  workmen  in  every  detail  under  the  most  careful  anper- 
vMoD  of  the  man  in  charge. 

IX. — The  preparation  of  the  imprtgTiating  fltiid. 

The  chloride  of  zinc  used  must  be  neither  acid  nor  base,  but  neutral.  It  Is  to 
have  a  specific  weight  of  1.60  to  1.50. 

The  Impregnating  fluid  is  made  up  of  1  part  chloride  of  zinc  to  49  parts  of 
water,  and  contains  0.66  per  cent  zinc,  0.T3  per  cent  chloride,  and  98,S2  per  cent 
water. 

In  testing  the  chemloata  special  care  is  to  be  taken  to  make  sure  that  zinc  and 
chloride  are  In  the  above-prescribed  proportion.  Bnt  since  zinc  chloride  can  not 
be  xtrocured  in  an  absolutely  pure  state  in  great  quantitieB,  therefore  it  is  not 
demanded  that  the  substance  be  chemically  pure.  '  The  presence  of  other  metals 
in  small  quantities,  particularly  iron,  does  no  harm,  since  these  foreign  sub- 
stances of  the  comblnstion  are  also  soluble  in  water  and  have  the  same  antiseptic 
properties.  In  case  the  solution  of  zinc  chloride  is  kept  a  long  time  the  particles 
of  the  combination  separate  Into  zinc  sulphate  and  other  haslo  salts  and  thus 
change  the  corapodtlon  of  the  zinc  chloride.  For  this  reason  it  is  necessary  to 
dissolve  the  salt  sediment  in  a  proportional  quantity  of  acid  in  order  to  bring 
about  a  regeneration  of  zinc  chloride.  A  surplaB  quantity  of  acid  is  to  be  avoided. 
This  can  be  accomplished  by  the  introdnction  of  raw  zinc.  The  quantity  of 
chloride  of  zinc  contained  in  the  fluid,  which  is  to  be  used  continually  and  regen- 
erated as  it  becomes  necessary,  does  not  stay  the  same.  The  exact  proportion  can 
not  be  ascertained  exactly,  since  the  flnid  becomes  heavier  by  the  unavoidable 
addition  of  wood  saps  and  other  impurities  and,  on  the  other  hand,  lighter  by  the 
loos  of  the  above-mentioned  sediments.  The  wat«r  used  at  Kiercheson,  even  when 
~  the  fiuid  is  kept  for  months,  baa  no  detrimental  effect  open  the  solution.  This 
variable  impregnating  fluid  must  be  tested  at  least  once  a  month  and  oftener,  if 
necessary,  for  thepurpoeeof  seeing  that  the  solution  contains  the  proper  quantity 
of  zinc  chloride,  and  wheu  found  lacking  to  improve  it. 

Moreover,  it  is  required  to  examine  the  apparatus  from  time  to  time  in  all  its 
parts  in  order  to  make  sure  of  its  efBciency.  To  this  end  the  anpervisor  must 
examine  the  prepared  ties  In  order  to  see  whether  the  zinc  chloride  has  thoroughly 
penetrated.  If  this  is  not  the  case,  the  matter  must  be  looked  into  at  once,  the 
source  o(  trouble  discovered,  and  the  matter  remedied. 
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7o      decay  op  tihbbb  and  hetb0d8  ok  pbeventikq  it. 
Exhibit  D. 

Frekch  Eastern  Railway. 

8pecifications  concbbnino  thb  scpfly  of  oak  ties. 

Article  1. — The  nature  of  the  tcood  and  its  origin. 

The  ties  Bfaall  be  of  the  best  qualitjr  of  oak  wood.  All  wood  most  be  rejected 
which  baa  grown  on  damp  fertile  gronnd,  or  which  was  not  felled  at  the  proper 

The  wood  mnat  betaken  from  aach  places  as  areiodicated  in  the  agreement;  the 
engineer  of  the  company  shall  have  the  right  to  exclude  wood  from  other  aoorcee 
whose  qnaliby  seems  inferior  to  him. 

Akticlk  2.~Shap«  of  ties. 

The  tiee  shall  be  cnt  eqnare;  the  npper  and  anieir  sartace  mnst  be  dressed  with 
a  saw;  the  lateral  snrfacee  may  be  hewn  with  an  ax. 

The  under  aide,  which  reats  on  the  roadbed,  mnst  have  sharp,  angnlar  edges. 
On  the  opposite  aide  the  good  wood  mnat  be  on  top,  expoalng  a  surface  of  at  least 
five  centimeters  <()",05=2inche'))  on  either  aide  of  the  middle  of  the  tie,  in  the 
place  where  the  groove  extends  toward  each  end,  for  a  distance  of  from  fifty  centi- 
meters  (0"'.50=19.T  inches)  to  one  meter  (1"'.00=31».37  Inches)  from  the  middle  of  the 
lei^b,  an  a  starting  point.  (The  parts  marked  with  croaa  lines,  as  shown  in  the 
above  sketch,  indicate  the  minimnm  of  good  wood,  required  to  be  exposed,  on 
the  npper  snrfaceof  the  tie.)  Imperfections  may  be  tolerated  on  this  npper  surface 
if  they  do  not  measure  more  than  five  centimeters  (0'".05=2  Inchea).  as  Is  indi- 
cated in  the  cross  sections  below. 

Article  8. — Dimensions  of  tlie  ties. 

The  ties  shall  be  from  two  meters  sixty  centimeters  (3".B0=8  feet  0  inches)  to 
two  meters  seventy  centimeters  (3'". 70=8.85  feet)  in  length.  Their  thickness  shall 
be  between  fourteen  and  fifteen  centimeters  (0'". 14=5.5  inches;  0". 15=^5, 9  inches). 

The  width  may  vary  from  twenty-two  (0"' .33=8.60  inches)  to  twenty-five  centi- 
meters (0"'. 25=9.8  inches). 

Article  4, — Curvature  of  the  wood;  of  the  ends. 

The  upper  and  under  surfaces  must  be  perfectly  level  and  parallel.  Aa  for  the 
lateral  surfaces  a  curvature  whose  an^le  of  inclination  does  not  exceed  ten  oenti- 
metres  (A"'.  10— 3.93*  inches]  is  allowed. 

The  ends  of  all  the  ties  shall  be  finished  with  a  section  perpendicular  to  the 
length. 

Article  5.—Qwbty  of  the  wood. 

The  tiesmuat  be  perfectly  healthy  and  of  straight  grain;  they  must  be  free  from 
decay,  bad  knots,  twists,  frost  clefts,  stings,  double  hark,  and  whatsoever  imper- 
fections there  may  be.  The  bad  wood,  as  well  as  that  which  has  its  inner  bark  in 
bad  condition,  shall  be  refused. 

Article  6. — 77ie  delivery  and  measurement  of  the  tuood. 

The  tiee  shall  be  delivered  at  those  depots  indicated  in  the  contract  and  at  the 
time  agreed  upon,  in  batches  of  not  less  than  300  pieces  per  station.  Orders 
demanding  less  than  200  pieces  shall  be  filled  in  one  shipment.  The  tiee  shall  be 
examined  and  measured  with  the  greatest  care  by  an  agent  of  the  company,  in 
the  presence  of  the  contractor  or  his  agent,  and  the  dimensions  shall  be  immedi- 
ately written  on  the  bill  of  lading,  which  the  agent  of  the  company  must  aign, 
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before  the  wood  is  finally  ^Ten  over  by  tbe  contractor.  The  ineaEnring  shall  be 
done  with  5  centimet^ea  (2  inches)  as  a  unit  of  measnre  for  the  lengths  and  1  cen- 
timetre (0.39  inch)  for  the  widths  and  thicknesses.  The  latter  are  to  be  meaaared 
in  the  narrowest  parts.  All  fractional  ports  of  5  centimetres  (S  inches)  or  of  1 
centimetre  (0,80  inch)  in  measuring  lengths  and  widths  and  thicknesses,  respect- 
ively, shall  not  be  coanfed.  The  average  cnbe  ia  not  to  be  less  than  the  cnbe 
which  is  tbe  result  of  the  average  of  the  upper  and  lower  surfaces.  In  case  it 
is  less,  the  price  stipulated  in  the  contract  shall  be  reduced  in  the  proportion  in 
wbicfa  the  actnal  cnbe  stands  to  the  reqnired  cnbe.  In  case  of  excess  tbe  con- 
tractor shall  be  granted  no  increase  in  price. 

All  the  pieces  which  have  one,  or  better  two  or  three,  dimenaiona  that  do  not 
come  up  to  the  minininm  requirements  as  stat«d  in  article  3  shall  be  refosed. 
The  piecae  whose  dimensiona  exceed  those  indicated  as  maximum  requirements 
may  be  accepted,  but  no  account  is  to  be  taken  of  the  excess.  Tbe  ties  that  have 
been  accepted  shall  be  stamped  with  the  trade-mark  of  the  company. 

The  tiea  that  have  been  refnsed  must  be  removed  from  the  depot  by  the  con- 
tractor after  each  delivery.  Tbe  bill  of  lading  shall  not  be  retamed  to  the  con- 
tractor after  the  receipt  of  goods  antil  all  the  refused  ties  have  been  cleared  away. 

Article  '.—Charges  and  ttaeking  of  tUs. 

All  expenses  of  transport,  loading  and  unloading,  and  all  hand  labor  Involved 
in  tbe  delivery  shall  be  at  the  coat  of  tbe  contractor. 

The  ties  after  they  have  been  accepted  shall  be  loaded  onto  wagons,  if  the 
company  can  put  them  at  tbe  dispoeal  of  tbe  contractor,  immediately  after  deliv- 
ery. If  this  ia  not  the  case  the  ties  are  to  be  stacked  up  in  regular  piles  in  the 
places  meant  for  thi>.  and  it  shall  not  be  required  of  the  contractor  to  attend  to 
tbe  loading.  Tbe  contractor  shall  gwtrantae  to  be  held  reeponsihle  for  all  claims 
of  damage  done  neighboring  roads  or  the  forests  owned  by  the  company  or  other 
ownerabip. 

Article  8. 

It  is  the  object  of  these  resolutions  concerning  the  charges  to  forbid  the  selling 
of  any  part  whatsoever  of  the  supply  without  the  written  conseQt  of  the  company. 


Article  ^.— Object  of  these  resolutions. 

These  reeolutionfi  have  for  their  object  the  supply  of  ties  destined  to  the  estab- 
lishment of  machinery  (or  changes  and  croasings  in  the  road. 

Article  2. — Kind  of  wood  and  Us  source. 

The  wood  shall  be  of  tbe  best  quality  of  oak  wood.  Tbe  wood  which  has  been 
grown  in  damp  fertile  lands  and  has  not  been  felled  at  tbe  right  time  shall  be 
refnsed.  The  wood  must  be  taken  from  each  lauds  as  are  indicated  in  tbe  con- 
tract. The  engineer  of  the  company  shall  have  the  right  to  reject  wood  of  other 
source,  whose  quality  seema  to  him  to  be  inferior. 

Article  8. 

The  ties  shall  be  square,  the  upper  and  lower  surfaces  shall  be  dreesed  with  a 
saw,  and  tbe  lateral  sorfacee  may  be  bewn  with  an  az.  The  lower  side  shall  have 
sharp  angular  edges  without  bark.  Imperfections  shall  be  tolerated  on  the 
opposite  surface,  that  is  if  they  do  not  measure  more  than  5  centimetres  (2  inches). 
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Articlb  i.—Dimen»ioiiB  of  the  Me*. 

The  nonnal  dimensions  ot  the  tiea  shall  be  indicated  in  a  {dctnreaccompftnjing 
the  contract. 
The  following  exceptions  shall  be  added  to  the  normal  dimengiotu: 

(1)  For  the  lengths,  10  centimelrae  (0'M0=3.937  inches),  more  or  leas. 

(2)  For  the  widths,  1  centimetre  (0'". 01=0.38  inch),  more  or  less. 

(3)  For  tbe  thicknesses  of  IS  centinietres  (0-M5=5.9  Inches)  and  above,  1  oenti.| 
metre  (O'".01=0.3B  inch)  more  or  less. 

Ttie  company  besides  may  order  ties  parp(»ed  for  eitraordinaiy  machinery, 

whose  dimensions  shall  be  indicated  during  the  course  of  the  work.    Their 

shall  be  restricted  to  the  limits  of  the  picture,  and  their  cube  shall  not  exceed  the 
twentieth  of  the  total  supply. 

The  npper  andnnder  surfaces  shall  be  perfectly  level  and  parallel.  In  the  sides 
a  curvature,  whose  angle  of  inclination  shall  not  exceed  1  centimetre  (0.39  inch) 
in  alenifthof  1  metre  (38.1!7  inches)  (that  isone  one-hundredth  of  the  tonal  length 
of  the  piece  of  wood) .  The  ends  shall  all  be  finished  off  by  a  cross-section  perpen- 
dicular to  the  length. 

Article  b.— Quality  of  the  iwod. 

All  the  pieces  must  be  perfectly  healthy  and  of  straight  grain;  they  mnst  be  free 
from  decay,  bad  knots,  twists,  frost  clefts,  stings,  donble  bark  and  cracks,  and 
whatever  other  imperfections  there  may  be;  also  the  wood  whose  inner  bark  has 
deteriorated  shall  be  refused. 

Akticle  6.— The  delivery  and  meanurement  of  the  teood. 

The  ties  shall  be  delivered  at  those  depots  indicated  in  the  contract  and  at  the 
Ume  agreed  upon.  They  shall  be  examined  and  measnred  with  the  greatest  care, 
by  an  agent  of  the  company,  in  the  presence  of  the  contractor  or  his  agent,  and 
the  dimensions  shall  be  noted  down  immediately  on  the  bill  of  lading,  which  the 
agent  of  ihe  company  most  sign  in  order  to  accept  the  wood. 

The  pieces  shall  be  marked  with  the  ietters  of  the  trade-mark  Indicated  in  the 
pictnre  accompanying  the  contract. 

The  measurement  shall  be  made  with  a  nnit  of  5  centimetres  (2  inches)  for  the 
lengths  and  of  1  centimetre  {l].'A9  inch)  for  the  widths  and  thicknesses,  the  last 
being  measured  where  the  wood  is  narrowest.  All  fractional  parts  of  5  centi- 
meter (3  inches)  in  the  lengths  and  of  1  centimeter  (0.39  inch)  in  the  widths  and 
thicknesses,  shall  not  be  counted. 

All  the  pieces  which  have  one.  or  better  two,  dimensions  that  do  not  come  np  to 
the  minimum  reqnirements  in  article  4,  shall  be  rejected.  The  pieces  whose 
dimensions  exceed  those  indicated  as  maximum  requirements  may  be  accepted, 
bnt  without  taking  the  excess  into  account. 

The  ties  that  have  been  accepted  shail  be  stamped  with  the  trade-mark  of  the 
company. 

The  ties  that  have  been  refused  mnst  be  removed  from  the  depot  by  the  con- 
tractor alter  each  delivery.  The  bill  of  lading  shall  not  be  retnmed  to  the  con- 
tractor after  the  receipt  of  the  goods  until  all  the  refused  ties  have  been  cleared 
away. 

Article  7, — Charges  of  the  contractor. 

All  the  expenses  of  transportation,  loading,  and  tinloading,  and  all  hand  labor 
involved,  shall  be  at  the  cost  of  the  contractor.  The  wood  received  at  the  stations 
indicatMl  in  the  contract  shall  be  stacked  up  with  care  by  the  conteact<»,  on  the 
place  designed  for  this  purpose.  The  contractor  shallgnarantee  tobeheldrespon- 
sibte  for  all  claims  of  damage  done  the  neighboring  roads  and  forests,  owned  'by 
the  company  or  of  other  ownership. 
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RESOLDTIOHS  FOB  THE  SUPPLY  OF  BEECH-WOOD  TIES. 

Ahtkxe  1. — Kind  of  wood  and  aouree  of  supply. 

The  ties  shall  be  of  beecfa  wood.  All  wood  that  was  not  felled  between  October 
let  and  March  let,  and  that  was  not  delivered  before  the  lat  of  Juno,  shall  be 
refnaed.  The  wood  shall  he  gotten  from  those  places  indicated  in  the  contract. 
The  engineer  of  the  company  shall  have  the  right  to  ezclade  wood  of  other 
source  which  seems  to  him  to  be  of  inferior  quality. 
Article  3. 

The  tiSH  shall  be  sqnare.  The  upper  and  lower  surfaces  shall  be  dressed  with  a 
saw;  the  sides  may  be  hewn  with  an  ax. 

The  under  side,  which  rests  on  the  roadbed,  shall  have  sharp,  angular  edges. 

Imperfections  shall  be  allowable  on  the  opposite  surface,  if  they  do  not  measure 
more  than  5  centimeters  (0"'. 05^=2  iDcfaes).  Ties  with  three  sawed  surfaces  and 
one  rounded  one,  as  well  as  tiee  with  two  parallel  sawed  enrfaces,  shall  be  accepted 
as  square.    All  beech  ties  shall  be  completely  stripped  of  their  bark. 

Article  3. — DiTnensioni  of  the  ties. 

All  ties  have  for  their  length:  Prom  2  meti%a60  centimetres  (2°.60—8..'>3  feet) 
to  2  metres  TO  centimetres  (2"'.70=8.83  feet). 

Their  thickness  shall  be:  From  14  centimetres  (0°.14=5.5  inches)  to  18  centi- 
meteTB(0".16=6.3inchee).  Their  width  shall  be:  FromSScenttmetres  (O^2i!=S.0d 
inches)  to  28  centimetres  (0«. 26=10.24  inches). 

The  ends  of  all  ties  shall  be  finished  off  with  a  cross-section  perpendicu'ar  to  the 
length. 

Article  4.  — The  quality  of  the  ivood. 

The  ties  shall  be  of  perfectly  straight  grain.  The  wood  shall  be  free  from  decay; 
the  Inner  wood  must  neither  be  red  nor  grey;  the  wood  must  be  free  from  bad 
knots,  twists,  frost  clefts,  stings,  and  all  other  blemishes. 

All  wood  that  is  defective  shall  be  absolntely  refused,  and  the  agents  of  the  com- 
pany shall  be  allowed  to  use  all  possible  means  of  control  which  they  deem  neces- 
aaty  in  order  to  make  sure  that  the  wood  shall  be  free  from  these  faults. 

Article  5. — The  provisionary  delivery  and  the  jaeasuremenl. 

The  ties  shall  be  delivered  at  the  depots  indicated  in  the  contract  and  at  the  time 
agreednpon,inbatchesof  not  less  than  SOO  pieces  per  station.  All  orders  demand- 
ing leea  than  200  pieces  shall  be  filled  in  one  shipment. 

They  shall  be  examined  and  measured  with  the  greatest  caie  by  the  agents  of 
the  company,  in  the  presence  of  the  contractor,  and  the  dimensions  of  each  tie 
shall  be  written  on  the  bill  of  lading,  which  shall  be  signed  before  the  goods  have 
been  finally  accepted.  The  measurements  shall  be  taken  with  3  centimetres 
(3  inches)  as  a  unit  of  measure  for  the  lengths  and  1  centimetre  (0.39  Inch)  for 
the  widths  and  thicknesses.  The  last  two  dimensions  shall  be  measured  in  the 
narrowest  part  of  the  wood.  All  fractional  parte  of  5  centimetres  (2  inches)  in 
the  lengths  and  of  1  centimetre  (0.3S  inch)  in  the  thicknessee  and  widths  shall 
not  be  counted.  The  average  cube  of  the  tiee  shall  not  be  less  than  the  cube 
which  is  the  result  of  the  average  of  the  upper  and  lower  dimensions.  In  case  it 
Is  not  large  enough,  the  price  stipnlated  in  the  contract  shall  be  reduced  in  the 
proportion  in  which  the  actaal  cube  stands  to  the  required  cube. 

All  pieces  which  have  one,  or,  better,  two  or  three  dimensions  that  do  not  come 
sp  to  the  minimum  requirements  as  stated  in  article  4  shall  be  refused.  Those 
pieces  whose  dimensions  exceed  the  measurenients  of  the  maxlmnm  requirements 
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may  be  accepted,  bnt  wiQiont  taking  any  nccoant  of  the  exoeaa.  The  tiee  that 
have  been  accepted  shall  be  stamped  at  both  ends  with  the  trade-mark  of  the 
company. 

The  ties  which  have  been  refused  shall  be  removed  from  the  depots  by  the  con- 
tractor after  each  delivery.  The  bill  of  lading  aball  not  be  retnmed  to  tbe  oonttactor 
oiitil  all  the  refosed  ties  have  been  cleared  away. 

Article  0. 

All  expedients  which  the  agents  think  necessary  in  order  to  insnre  the  quality 
of  the  wood,  all  expenaea  of  transportation,  all  hand  labor  involved  in  delivery, 
and  loading;  and  nnloading  shall  be  charged  to  the  contractor. 

The  ties  which  have  been  accepted  ahall  be  piled  np  by  the  contractor  at  bis 
own  expense.  The  stacking  shall  be  done  in  regular  piles  and  with  all  precantions 
necessary  to  insure  the  preservation  of  the  wood. 

It  is  the  object  of  theee  rmoltitlons  to  forbid  abeolntely  tbe  Betllng  of  any  part 
of  the  snpply  without  the  written  consent  of  the  company. 


TESTINO  of  iKPEEaNiTING  SOLnTION9  FOR  IHPEKIAL  PRtTSSIAN  RAILWAYS, 


TEBTTNa   OF 

The  chloride  of  zinc  for  impregnatiDg  purposes  will  be  mannfactored  as  a  con- 
centrated solntion,  containing  abont  SO  per  cent  of  anhydrons  chloride  of  zinc. 
It  is  best  to  nse  anch  a  strong  sotntiOD  for  testing,  and  for  that  purpose  samples 
we  to  be  taken  directly  from  the  shipping  tank  or  carboy. 

The  zinc  chloride  solution  used  most  be  as  free  from  Impurities  as  possible, 
particularly  from  Iron  and  free  acid.  Therefore  it  Is  to  be  determined  whether  or 
not  iron  and  add  are  present. 

TEST   FOR   FREE  ACID. 

Twenty  grammes  (by  weight)  of  the  above  strong  ilac  chloride  solution  are  to 
be  mixed  with  distilled  water;  tbe  whole  to  amount  to  100  cu.  cm.  (by  measure), 
the  mixture  to  be  well  shaken, 

(a)  There  is  no  free  acid  present  if  the  mixture  by  shaking  becomes  cloudy,  and 
particularly  If,  after  a  short  period  of  rest,  flakes  settle  down  which  will  again 
dissolve  to  a  clear  fluid  upon  the  addition  of  a  few  drops  of  muriatic  acid  (HC1). 
No  further  test  is  then  required. 

(b)  If  after  shaking  the  mixture  remainsclear,  then  on  excess  of  acid  is  present, 
tbe  amoont  of  which  can  be  determined  by  the  following  manjpnlation: 

Take  several  reagent  bottles  and  put  in  each  10  cu.  cm.  of  the  abovenlescrlbed 
mixture;  then  add  to  each  bottle  a  measured  successively  increasing  quantity  of 
a  solution  of  one-tenth  normal  soda.  For  example:  Add  to  the  first  reagent  bat- 
tle 0.1  cu.  cm.;  to  the  second.  0.2  en,  cm.;  to  the  third,  0,4  en.  cm.,  and  so  on. 
Shake  well  and  observe  in  which  bottle  a  remaining  white,  flaky  precipitation 
will  settle.  The  proportion  of  soda  which  lies  between  the  mixture  where  a  pre- 
cipitation is  produced  and  that  where  no  precipitation  Is  produced  exactly  repre- 
sents the  quantity  of  free  acid  present  in  the  solntion.  For  example,  the  mixture 
in  tbe  bottle  to  which  0.2  cu.  cm.  of  the  soda  solntion  was  added  remains  clear, 
while  in  the  following  reagent  bottle,  where  0.4  cu.  cm.  soda  solution  was  added. 
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a  pTecipitation  \s  prodnced,  then  0.3  en.  chl  soda  Bolntion  is  niactlj  the  qnantitr 
ccareepondltig  to  tha  free  acid  preeent  in  the  cbloiide  of  zinc  aolntiou. 

Shonid  there  be  reqnired  for  this  teet  more  than  0.4  en.  cm.  of  the  one-tenth 
normal  soda  eoltition.  then  the  percentage  of  free  acid  is  too  h%h  in  the  chloride 
of  zinc  eolation,  and  snch  solntion  most  not  be  need  for  impregnation. 

TKSTING  FOR  IBOM. 

Take  10  en.  cm.  from  the  above-described  mixtnre  of  zinc  cbloride  solntion  and 
distilled  water,  and  add  a  few  drops  of  concentrated  nitric  acid  (HNO,)  and  shake 
well.  Divide  this  mixture  into  two  eqnal  parts.  To  one  part,  withont  dilating, 
add  a  qoantity  of  ammonia  (If  H,OHj  and  shake  well.  If  this  mixtnre  remains 
clear,  no  iron  is  present.  Throngh  the  presence  of  iron  in  the  mixtnre,  more  ot 
lem  brown  flakes  will  precipitate,  corresponding  to  the  amonnt  of  iron  preseut. 
Shonid  there  precipitate  in  the  mixtnre  a  quantity  of  gray-white  (not  brown) 
flakes,  then  not  only  iron,  bnt  also  another  impnrity  (nearly  always  magnesia]  is 
present.  In  this  latter  case  a  more  complete  teet  has  to  be  made,  and  therefore 
the  zinc  chloride  eolation  most  be  sent  to  a  chemist.  Bat  this  case  will  happen 
very  seldom. 

The  second  part  of  the  mixtare  of  10  ca.  cm.  to  which  nitric  acid  was  added, 
shoald  be  dilated  with  distilled  water,  and  S  en.  cm.  of  a  solatton  of  10  per  cent 
yellowpmssiate  of  potash  added,  the  whole  to  be  well  shaken.  A  very  ample  pre- 
cipitation will  be  prodnced.  which  will  look  snow  white  or  very  light  yellowish 
if  the  zinc  chloride  solntion  is  free  from  iron;  bnt  in  the  presence  of  iron  it  will 
lookmoreorlessblue,  according  to  the  amonnt  of  iron.  If  the  precipitation  shows 
a  corn-flower- blue  color,  then  the  zinc  chloride  solution  surely  contains  a  high 
percentage  of  iron  and  mast  therefore  be  rejected. 

To  avoid,  in  t«sting,  the  weighing  of  the  30  grammes  of  the  strong  solntion,  the 
ase  is  recommended  of  the  easier  method  of  measuring.  First  find  the  specific 
gravity,  at  15°  Celsius,  of  the  strong  concentrated  zinc  chloride  solution.  The 
quotient  of  this  specific  gravity  into  30  grammes  shows  the  number  of  cnbic  centi* 
meters  which  most  be  measured  off  and  which  represent  exactly  20  grammes  by 
wmght.  For  instance,  the  specific  gravity  of  the  strong  zinc  chloride  solution  is 
l.S,  then  1.6  divided  into  20  grammes  gives  the  number  of  cobic  centimeters 
(  — ^  =  12,5  en.  cm.  J  which  have  to  be  measared  off  to  be  need  for  testing  as 

described  above. 

TESTING  OF  T.4K  OIL. 

At  a  temperature  of  30°  Celsius  the  tar  oil  must  be  limpid,  and  to  test  it  shake 
the  tar  oil  well,  pour  a  few  drops  on  a  folded  filter  paper,  and  observe  whether 
after  absorption  there  remain  andissolved  particles  on  top  of  the  paper.  If  the 
amonnt  of  these  is  large,  the  tar  oil  most  not  be  used  for  Impregnation.  To  find 
the  specific  gravity,  the  tar  oil  must  be  heated,  or  cooled  off.  to  a  temperature  of 
1S°  Cnlslns;  then  drop  slowly  an  hydrometer  into  the  same,  and  read  the  number 
at  the  aniface  of  the  oiL  This  number  indicates  the  specific  gravity  of  the  tar  oil 
at  15°  Celsins;  small  variations  in  temperature  are  of  minor  importaace,  and  can 
be  corrected  closely  enough  by  adding  or  snbatracting  S  to  the  figure  in  the  third 
place  of  the  specific  gravity  for  every  3°  variation  from  15°  Celsins. 

LABORATOBY  DISTILLATION  OP  THE  TAR  OIL. 

By  means  of  a  funnel,  103  en.  cm.  of  tar  oil  at  about  16°  Celsius  ar«  to  be  flUed 
into  a  retort,  a  thermometer  is  to  be  inserted,  but  in  snch  a  manner  that  the 
quicksilver  ball  shall  be  in  or  below  the  neck  of  the  retort  bat  shall  not  touch  the 
oil,  or  will  not  be  covered  by  the  same.  The  retort  must  be  heated  slowly,  until 
all  the  water,  which  is  contained  in  nearly  every  tar  oil,  is  evaporated.    Stronger 
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beat  can  then  be  applied  to  the  retort,  bat  It  mnet  be  bo  r^alated  that  in  one 
second  two  drope  will  dietiU  over,  The  distilled  prodtict  will  be  cai^ht  in  a  gnA- 
nated  glass  cylinder,  and  the  different  qnaiitities  are  to  be  read  aad  noted  which 
distill  over  from  the  oil  (become  volatile),  within  the  vuions  intervals  of  teaa- 
peratnre,  say  from  1S5°  to  150°  CelaiiM,  from  150°  to  885°,  and  again  from  150° 
to  35!i°  Celeins,  and  which  are  gpecified  in  the  "Description  of  the  Process  and 
Specifications  "  as  to  the  composition  and  proportions  of  the  impregnating  flnid. 

FINDING  THE  FKRCBKTAQB  OF  CAKBOUC  ACID  (ACID  COHSTITDENTS  OF  THE  OIL). 

The  entire  amonnt  of  the  distilled  tar  oil  is  to  be  mixed  In  a  separating  fnnnel 
wltbSOca.  cm.  of  canaticsodaoF  1.15speciflcgTavityatI5°Celsins,  shaken  well  for 
about  Hveminntes,  after  which  let  it  stand  and  settle.  The  canstic  soda  absorbs  the 
carbolic  add  and  precipitates;  the  stopcock  of  the  fnnuel  Is  to  be  opened  and  the 
precipitated  canstic  soda  is  caught  in  a  SOO  en.  cm.  graduated  glass  cylinder.  The 
same  operation  most  also  be  repeated  with  00  cu.  cm.  of  fresh  canstic  soda,  to 
make  snre  that  all  carbolic  acid  is  extracted  from  the  oil.  The  canstic  soda  of 
both  manipulations  is  then  to  becombined,  about  two  tableepoonfuls  of  salt  (NaCl) 
added  and  this  dissolved  by  means  of  stirring;  the  required  quantity  of  concen- 
trat«d  muriatic  acid  (HCl)  added,  and  the  combination  again  stirred  up  until 
well  mixed.  After  cooling  off  the  hot  mixture,  read  the  qnantity  of  the  separated 
carbolic  acid  in  percentage  of  cubic  centimeters,  and  add  to  this  number  i  per  cent 
for  the  small  amout  of  carlxilic  acid  still  remaining  in  the  acid  solution. 

All  the  figures  obtained  are  to  be  compared  with  those  specified  in  the  descrip- 
tion of  the  composition  and  proportions  of  the  impregnating  flnids.  Small  dif- 
ferences should  not  be  cause  for  rejection,  as  small  variations  in  testing,  resniiing 
from  barometricchange8,C8nnotbeavoided,and  the  result  of  thetestisinflnenced 
by  them.  However,  the  figures  obtained  by  the  above  .described  teste  are  suffi- 
ciently close  to  judge  of  the  quality  of  the  impregnating  finids.  It  is  not  advisable 
that  the  tar  oil  for  testing  be  taken  directly  from  the  shipping  tank,  but  it  is  better 
to  take  the  samples  from  thereceptacleof  the  apparatus  in  the  impregnating  plant 
from  which  the  mixing  vessels,  or  the  impregnating  cylinder  (in  the  impregnation 
with  pure  oil)  will  be  supplied. 

The  Chief  of  the  Operating  Inspection  8. 

Bbklih,  June  li,  1S99. 


Western  Railway  op  France— Impreq  nation  with  Creosote. 

Article  7. — Process  for  impregnating  with  creosote. 

The  impregnation  with  creosote  shall  consist  in  the  injection,  by  means  of  a 
vacuum  and  preaanre,  of  crude  creosote  previously  raised  to  a  temperature  be- 
tween fifty  and  sixty  degrees  (.^  and  60)  centigrade  (=112°  to  140°  F.l. 

Article  &.  — Composition  of  the  creosote. 

The  crude  creosote  shall  be  the  product  of  the  distillation  of  gas  tar. 

It  shall  be  of  the  first  quality  and  like  the  samples  which  the  contractors  shall 
give  and  submit  to  the  approbation  of  the  engineers  of  the  company. 

Creosote  which  does  not  contain  at  least  five  per  cent  (5^)  of  pbeuicaoid  may 
be  refused. 

Article  9,— Origin  of  the  creosote. 

The  contractors  shall  be  obliged  to  naake  known  the  works  from  which  each  of 
the  supplies  of  creosote  come. 
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Article  10. — Condftion  of  the  ties  Imfore  impregnated  with  creosote. 

The  ties  to  be  impregnated  miut  be  very  dry,  and  they  eball  be  previously 
notched  by  the  contractors  st  the  expenee  of  the  company,  to  receive  the  chairs  or 
Tignolea  rails. 

That  the  wood  is  qnite  dry  shall  be  assured  by  weighing  a  certain  number  of 
ties  taken  at  random.  Tbe  weight  of  the  wood  thus  ascertained  shall  not  be  over 
eight  hnndred  and  fifty  kilograms  (850  kg.=l,8T4  ponnds)  per  cnblc  meter  (1.308 
cnbic  yards)  for  the  oak,  and  seven  hnndred  and  fifty  kilograms  (750  kg.=l,053 
ponndB)  per  cnbic  meter  for  the  beech. 

Akticlb  11. — Impregnation  with  ereotote. 

The  ties  to  be  impregnated  shall  be  placed  in  a  sheet-iron  cylinder.  After  hav- 
ing closed  the  cylinder  filled  with  ties,  a  vacniun  shall  be  made  within.  This 
Tacnnm  shall  be  carried  to  a  pressnre  of  O^.SO  (T.8T  inches)  of  mercnry.  It  shall 
be  maintained  dnring  about  a  quarter  of  an  honr;  then  the  hot  creosote  shall  be 
introdaced  hy  atmospheric  pressnre  at  first  and  then  by  means  of  forcing  pumps 
ontil  the  cylinder  Is  perfectly  full. 

These  pnmpsshall  continue  to  work  BO  as  tomaintain  in  the  interior  of  the  cyl- 
inder a  preaenTe  wbicb  may  reach  3  kilograms  (17.6  pounds)  per  square  centi- 
meter (0.153  square  inch)  if  that  be  considered  necessary  to  insnre  as  even  as 
possible  a  distribution  at  the  creosote  absorbed. 

The  length  of  each  of  the  preceding  operations  shall  be  varied  to  produce  this 
result,  if  tbe  nsefalness  of  it  should  be  recognized. 

The  diameter  of  the  creosote  supply  pipe  in  the  cylinder  and  tbe  dimensions  of 
th«  forcing  pumps  shall  be  determined  so  as  to  insure  the  filling  of  the  cylinder 
in  lees  than  fifteen  minntes. 

AsTiCLK  12, — ReservatiortB  relating  to  the  impregnation. 

The  processes  followed  in  these  operations  shall  be  subject  to  the  approbation 
of  the  engineers  of  the  Company,  who  may.  if  they  think  it  best  for  the  success  of 
the  impregnation,  vary  the  degree  and  the  duration  of  the  vacuum,  the  tempraa- 
tnre  of  the  creosote,  and  the  pressure  in  the  cylindei,  as  well  as  the  duration  of 
each  of  the  parts  of  the  process. 

The  temperature  in  the  interior  of  the  cylinder,  measured  by  means  of  ther- 
mometers suitably  placed,  must  never  go  below  thirty  degrees  (80°)  centigrade 
(=80'  F.)  during  the  whole  length  of  the  process. 

ARTicut  13. — Quantity  of  creosote  to  be  applied  to  each  tie. 

1.  The  creosoting  of  the  oak  ties  with  aapwood  shall  be  conducted  In  soch  a 
manner  that  the  aapwood  shall  be  entirely  impregnated  with  creosote. 

2.  Ties  of  beech:  Tbe  impregnating  of  the  beech  ties  shall  be  conducted  in  such 
a  manner  that  the  average  absorption  per  li«  shall  be  fifteen  (15)  kilogranu 
(3S.DT  pounds)  of  creosote. 

It  the  engineers  of  the  company  see  fit  to  increase  or  diminish  this  quantity  of 
creosote,  the  contractors  shall  be  obliged  to  conform  to  the  instructions  they 
receive  on  this  sabject. 

In  that  esse  the  difference,  either  greater  or  less,  between  the  amount  of  creo- 
sote really  used  and  the  amount  fized  upon  above  shall  be  taken  into  ac4:ount  on 
the  value  of  the  ties  at  the  price  fixed  by  the  contract. 

The  absorption  shall  be  ascertained  by  means  of  a  gauge,  which  shall  indicate 
tn  tbe  reservoir  a  diminishing  of  the  liquid  supposedly  brought  to  an  ambient 
temperature  corresponding  to  as  many  times  fifteen  (15)  kilograms  (33.07  pounds) 
M  there  are  ties  in  tbe  cylinder. 

When  the  ties  are  taken  from  the  cylinder  the  absorption  of  the  creosote  shall 
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beascertajned  bj  boring  vlth  a  gonge.  All  ties  in  which  tbecreoBotehaanotxwne- 
trated  to  a  depth  of  thme  centimetera  (O'".03=1.18  Inches)  shall  be  rafnRed  and 
anbjected  to  another  injection. 

By  Tirtne  of  experiment  the  absorption  of  the  creoaota  mav  be  ascertained, 
beeidee,  by  weighing,  before  and  after  impregnating,  the  tied  which  are  put  in  the 
crlinder.    For  thia  pnrpo.se  the  contractors  mnat  place  acales  in  the  lamber  yard. 

The  agents  of  the  company  may  take  any  other  means  which  they  think  neces- 
sary to  ascertain  the  amount  of  creosote  absorbed  by  the  ties. 

Akticle  U.— Supervisor  of  the  impregnating  of  the  ties. 
The  company  shall  have  one  or  more  agents  supervise  all  the  processes  relating 
to  the  impregnating  of  the  wood,  in  order  to  ascertain  that  the  work  is  carried  on 
nnder  tavorable  conditions. 

Article  15. — Room  reserved  for  the  agents  cJiarged  with  tJie  supervision  of  the 

creoaoting. 

A  room  with  a  separate  entrance  shall  be  reserved  on  the  premises  of  the  Inmbw 

yard,  to  be  pnt  at  the  disposal  of  the  company's  agents.    It  shall  be  warmed, 

lighted,  and  kept  in  order  by  the  care  of  the  contractors. 

Article  16. — Renting  of  the  company  land  occupied  tn/  the  lumber  yard. 
The  groands where  the  creoaoting  yard  is  set  np  shall  be  rented  of  the  company 
by  the  contractors,  in  virtue  of  a  special  lease  whose  daration  shall  be  eqnal  to 
that  of  the  contract. 

Article  17, 

Patent  right.^Th«  amotmt  to  be  paid  to  the  inventors  for  patent  rights  shall 
be  entirely  at  the  cost  of  the  contractors,  who  will  inenre  th«  company  against 
any  claim  of  that  sort 
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cibcclas. 
Object:  Instructions  conoemii^  the  depth  to  be  given  to  the  ballasting  of  tracks. 

Paris,  JulySth,  1893. 

The  depth  to  be  given  to  the  oallasting.  which  was  nsnatly  fixed  at  0'".60  (23.6 
inches)  on  the  lines  established  prevlons  to  the  last  few  years,  has  been  reduced  by 
various  ministerial  decisions  to  0"'.-'>0  (iS.Tlncbes)  for  the  lines  now  In  constmction. 

The  depth  of  0"'.00  |S;!.6  inches)  presumed  the  upper  surface  of  the  ballasting  to 
be  level  with  the  top  of  the  rail  in  order  that  the  spikes  which  hold  the  rails  in  the 
chairs  might  be  well  covered  with  ballasting.  According  to  this  supposition,  the 
depth  of  O^.M  {23.S  inches)  is  distribnted  in  the  following  manner: 


Meter. 

Inobea. 

DorithcorroBpondingtothehelBbtof  thormil._ 

0.13 
.14 

&.1 

.28 

.80 
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In  redacing  the  total  depth  of  the  ballasting  to  0".50(19.T  inches),  it  is  necessary 
to  determine  in  what  manner  this  depth  is  to  be  distrlbnted. 

The  ateel  spikes,  the  oee  of  which  is  becoming  more  general,  do  not  need  to  be 
covered  b7  the  ballasting,  and  therefore  it  is  not  necessary  that  the  ballasting 
should  be  level  with  the  top  of  the  rail.  On  the  other  hand,  the  depth  of  the  bal- 
lasting ander  the  tie  forming  the  true  roadbed  can  not  be  perceptibly  rednced. 
Starting,  then,  with  the  ballasting  onder  the  tie  ot  a  depth  of  O'^.S.)  (9.84  inches), 
considered  indispensable,  the  total  depth  of  0^.50  (19.7  inches}  will  be  distribntwl 
thns: 


Meter. 

Inches. 

O.IS 

.ue 

98 

09 

Tot»i  depth  ot  the  bsJUBtlng 

.so 

IB.  7 

The  total  height  of  the  rail  being  O'MSO  (5.1  inches)  for  the  rail  D.  C.of  38K.  TG 
andO'".143(5.6inches)fortheTailD.  C.  of  44  K. ,  the  ballasting  must  be  leveled  off 
below  the  snrface  of  the  rail— U"'.07  (2.76  inches)  for  the  rail  of  38  K.  75  and  0"'.0e2 
(S.ZS  inchea)  for  the  rail  of  4  K. 

For  the  roads  already  established  with  a  depth  of  ballasting  of  0"'. 60  {33.6  Incites), 
and  having  wooden  spikee,  this  depth  may,  as  stated  above,  be  reduced  to  0"'.50 
(1S.7  inches)  by  degrees  as  the  ballasting  is  renewed  and  steel  spikes  snhetitnted. 

Under  no  circum stances  should  the  depth  of  the  ballasting  under  the  tie  be 
rednced  to  lees  than  0"'.20  (7.87  inches). 

In  carves,  where,  on  account  of  the  increased  height  of  the  outer  rail,  the  posi- 
tion of  the  tie  on  the  ballastiDR  is  inclined,  the  depth  of  the  ballaHting  in  the  axis 
of  the  track  mast  be  regulated  in  such  a  manner  as  to  have  the  minimnm  depth 
at  least  0"'.20  (7.i^7  inches)  under  the  end  of  the  tie  on  the  inside  of  the  curve. 

As  to  ifae  width  of  the  driftway  of  the  ballasting,  it  is  tix,eA  at  I'.OO  (30.37 
inches)  by  article  7  of  the  specifications  of  June  11th,  1859.  However,  it  is  abso- 
lutely impossible  to  obtain  this  width  on  lines  where  the  roadbed  has  been  made 
with  a  reduced  width,  such  as  on  a  few  tracks  constructed  when  railroads  were 
first  bnilt.  on  certain  lines  of  local  concerns  which  have  been  bronght  in,  or  on 
others  actuaUy  in  oonetraction.  for  which  a  width  of  H  meters  (16.4  feet)  baa  been 
adoptod  as  the  width  of  the  roadbed  for  a  single  track.  Under  no  circamatances 
shonlJ  the  width  of  these  driftways  be  reduced  to  less  than  0"'.»0  {31.5  inches).  To 
obtain  this  width  the  slope  of  the  ballasting  may,  if  necessary,  be  made  as  steep  as 
its  nature  will  permit,  or.  if  this  can  not  be  done,  the  footway  at  the  base  of  the 
ballasting  may  be  diminished.  This  footway  when  normal  shoald  have  a  width 
of  0"'.50  (19.7  Inches),  and  should  always  be  clearly  defined  even  when  reduced  in 
width. 

Only  for  roads  with  a  narrow  track  shall  the  width  of  the  driftway  of  the  bal- 
lasting be  rednced  to  0"'.75  (29.5  inches),  conformably  with  article  2  of  the  con- 
vention of  March  2oth,  m85. 

D  IB  ECTOR  OF  Works. 
E.  Ulbrk. 
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Exhibit  G.' 

LOKDON,  BRIOHTON  AND  SODTH  COAST  RAILWAY  COUPANY. 
SPBCITICATIONS    AND    CONDITIONS    OF   CONTRACT   FOB    CHEOSOTED   BEDWOOD 


1.  This  pTopoeed  contract  is  for  tbe  aapply  and  delirery  of — 

sleepers  at  Deptford  Wharf, 

sleepers  at  New  Haven  Wharf, 

or  any  less  number  that  the  directors  may  decide  to  accept. 

3.  The  dimensione  are  to  be  the  cnstom^y  9-ft.  length  (say  8f(  ft.)  10  bir  3  ins. 
rectaagnlar,  cat  from  square  blocks  ont  of  wEich  neither  more  nor  leas  than  two 
sleepers  can  be  sawn  (no  centers  will  be  accepted). 

8.  The  qnality  shall  be  the  beat  Baltic  redwood  fir,  in  good  condition,  free  from 
shakes,  dead  knots,  and  other  defects. 

4.  Sixty  per  cent  of  the  sleepers  to  have  on  one  side  a  flat  surface  not  less  than 
9  ins.  wide  thronghont  the  length,  and  the  remainder  to  have  on  that  side  a  flat 
nuface  not  less  than  8  ins.  wide  thronghont  the  length.  All  sleepers  to  have  a  flat 
snrface  not  lees  than  10  ins.  wide  on  the  other  side,  with  sharp  edges  thronghont 
the  length. 

6.  Ninetj'percent  of  the  sleepers  to  have  not  tees  than  Si  ins.  and  the  remainder 
not  less  than  7  ins.  diameter  of  heart  at  both  ends. 

0.  The  blocks  from  which  the  sleepers  are  cat  mtist  be  of  last  antnmn's  deflota- 
tlonat  theport  of  shipment;  anydelivered  of  an  earlier  deflotation  will  berejected. 

7.  The  sleepers  are  to  be  cnt  and  stacked  from  fonr  to  six  months  (or  nntil  they 
are  considered  sufQciently  dry  by  the  company's  engineer  or  his  inspector)  before 
they  are  creosoted.  They  are  to  be  adzed  to  a  trne  plane  for  a  width  of  17  ins.  at 
each  end  for  the  chair  seating,  and  40  per  cent,  or  snch  other  perc«ntage  as  may 
bereqnired,  are  to  be  bored  with  eight  holes,  namely;  Two  I^  ins.  diameter  at  each 
end  (for  trenails)  and  two  i  in.  diameter  at  each  end  (for  spikes).  A  template 
showing  the  position  of  these  holee  will  be  provided  by  the  company,  and  the  con- 
tractors most  bore  the  holes  esact  to  it  and  perfectly  trae  throngh  the  sleepers. 

8.  Tbe  sleepers  will  be  inspected  at  the  contractor's  wharf  before  being  creosoted, 
and  the  engineer  shall  have  power,  personally  or  by  depnty,  to  reject  any  sleepen 
be  may  consider  inferior,  either  in  qnality  of  timber  or  from  any  deviatioD  from 
the  specification,  and  his  decision  in  the  manner  shall  be  final. 

9.  The  sleepers  when  snEGoiently  dry  m^  to  be  placed  in  a  wroaght-iron  cylin- 
der,  and  when  closed  a  vacnnin  is  to  be  created  by  air  pnmps.  The  creosote,  at 
a  temperature  of  ISO'  Fahr. ,  is  to  be  allowed  to  enter  the  exhauet«d  cylinder,  and 
afterward  maintained  there  by  pumping  at  a  preesare  of  not  less  than  120  lbs.  to 
the  eqnsre  Inch .  The  sleepers  are  to  be  kept  nnder  this  preasnre  until  each  sleepn" 
hss  absorbed  at  least  3  galls,  of  creosote  on  the  average,  the  qnantaty  to  be  ascer- 
tained by  weighing,''  any  charge  of  sleepers  not  giving  the  average  impregnation 
of  at  least  3  galls,  to  be  retnmed  to  the  cylinder  for  further  treatment. 

10.  The  creosote  to  be  a  pnre  coal-tar  diatillateof  the  very  best  qnality,  free  from 
water  and  alt  ImpnritieB.  and  on  anulysie  to  give  the  following  resnlts: 

To  be  entirely  liquid  at  a  temperature  of  120°  Fahr.  and  remain  so  on  cooling  to 


To  contain  not  less  than  25  per  cent  of  constituents  that  do  not  distU  over  at  a 
temperature  of  600'  Fahrenheit. 
To  yield,  to  a  solution  of  caustic  soda,  not  less  than  6  per  cent  by  volume  of  tar 

*  Reprinted  from  Channte.    Preservation  of  Railway  Ties  in  Europe. 
^  In  practice  one  trolley  is  weighed  ont  of  each  charge. 
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The  ipeciAc  gravity  at  90^  Fahr.  to  range  between  1,040  and  l.O&'V,  water  being 
taken  as  1.000  at  the  same  temperature. 

11.  The  contractor  is  to  sapply  a  copy  of  the  analyda  of  each  delivery  of  the 
creoaote  Oil  nsed,  in  the  terms  of  the  specification,  and  the  engineer  shall  be  at 
liberty  to  take  samples  of  the  oil  from  time  to  time  and  have  the  same  tested,  the 
contractor  paying  the  cost  of  the  analysis  to  the  extent  of  one  analysis  for  each 
10,000  sleepers.    Any  additional  analysis  to  be  made  at  the  company's  expense. 

13.  Delivery  shall  be  made  alongside  the  company's  Kew  Haven  and  Deptford 
wharves,  at  either  of  the  rates  mentioned  below,  at  the  option  of  the  company's 
etorekeeper,  until  the  contract  is  completed.  Delivery  at  Deptf  ord  will  be  taken 
by  open  barges  containing  not  moru  than  1,800  sleepers  each.  The  craft  to  take 
regalar  tnras  for  discharging  and"  conform  to  the  r^olatloQe  of  the  company's 

wharves:  At  Deptford,  to  commence  and  continue  at  the  rate  of  - — ■ — 

sleepers  per  week.     At  New  Haven,  to  commence and  continue  at  the  rate 

of  ■ sleepers  per  week. 

13.  Should  the  contractor  fail  to  deliver  the  sleepers,  or  any  portion  of  them, 
as  stipulated  in  condition  Ko.  13,  the  directors  may  cancel  the  contract,  or  the 
residue  thereof,  and  obtain  other  suppliee  in  ench  manner  as  they  think  Gt,  and 
the  contractor  shall  pay  to  the  company  any  extra  cost  and  expenses  incurred  by 
sncb  failure,  or  the  directors  may  deduct  the  amonnt  from  any  sum  then  dne  or 
becoming  dne  to  the  contractor. 

14.  The  shipping  port  or  ports  mnst  be  named  In  the  tender;  and  if  more  than 
one  port,  the  nomber  of  sleepers  proposed  to  be  shipped  at  each  port  mnst  also  be 
given;  bills  of  lading  to  be  produced  by  the  contractor  when  required. 

15.  Thepriceper  sleeper  is  to  include  every  charge  except  wharfage  and  landing 
at  the  company's  wharves. 

16.  For  sleepers  delivered  and  approved  daring  one  month  payment  will  t>e 
made  at  the  company's  next  monthly  pay  day  by  cash,  lees  SI  per  cent  discount, 
provided  the  company  have  no  claim  on  the  contractor  as  specified  in  condition 
Now  18.  In  case  of  any  dispute  arising  between  the  contractor  and  the  company  or 
their  BgentB  as  to  the  meaning  of  any  of  the  terms  and  conditions  of  this  contract, 
the  decision  of  the  company's  engineer  shall  1>e  final  and  binding  upon  all  parties. 

IT.  The  contractor  shall,  if  required,  enter  into  and  sign  a  formal  contract  with 
the  dilectoTS  and  find  good  and  sufficient  surety  to  guarantee  its  proper  fulfil- 
ment; the  expense  of  such  contract  and  bond  to  be  paid  by  the  company. 

18.  The  directors  do  not  bind  themselves  to  accept  ihe  lowest  or  any  tender. 

19.  The  tenders  are  to  be  returned  by  post,  addressed  to  "  The  Secretary,  L.,  B. 
&  S.  C.  R.,  London  Bridge,  S.  E.,"  and  mnst  reach  him  not  later  than  first  post 
on endorsed  on  the  ontstde  cover  "Tender  for  sleepers." 

Storekeeper. 


Exhibit  H. 

HORTHER!!  Railway  Compakt,  Francr. 

Spedfica  tiona—isas. 

Forfumiahingbeech  ties  of  usual  shape,  creosoted  by  the  new  "  BIythe  "  process, 

called  thermo-CBibolization. 

ARTICI.B  1.  The  present  specifications  refer  to  the  furnishing  of  ordinary  ties 
for  the  extension  and  maintenance  of  tracks  upon  the  company's  various  lines. 

Article  2.  The  ties  shall  be  of  beech,  creosoted  hy  the  new  "BIythe''  process 
(called  thermo-carbollzation). 
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Article  3.  The  ties  Bhall  be  rectaagrtlar,  or  premnt  one  of  the  aectious  shown 
In  Sga.  se  and  27. 

The  top  and  bottom  faces  ahall  be  sawed;  the  sides  may  be  hewed. 

The  bottom  lace,  which  nata  on  the  ballast,  shall  be  sqtiare  ed^d;  the  two  lateral 
sides  shall  be  without  wane  for  a  minimam  height  of  3  ins.  The  top  face  shall  be 
at  least  4.4  ins.  wide  in  the  middle  and  for  the  whole  length  of  the  tie. 

The  minimam  dimensions  of  the  ties  sbaU  be  as  follows: 


Length  {2.60  m.) 8,58  ft. 

Width  (0.26  m.) 10.2  ins. 

Thickness  (0.13  m.) - _ 5.1  Ins. 

Article  4.  The  ties  shall  be  practically  straight.    If  cnrred  sideways,  the  incur- 
vation shall  not  be  more  than  ^  of  the  whole  length.    Alt  ties  will  be  rejected 
whose  bottom  face  is  longitndinally  curved,  being  either  convei  or  concave. 
The  ties  shall  be  sawed  off  nqnare  at  the  ends. 

Article  0.  The  beech  wood  must  be  perfectly  sound  and  of  the  beat  quality. 
It  shall  be  neither  heart- shaken,  nor  frost-split,  nor  braahy,  nor  worm-eatfln.  It 
shall  be  exempt  from  dotiness,  rotten  knots,  cracks,  splits,  bad  knots,  red-hsart, 
or  any  other  defect.  The  trees  shall  be  felled  between  the  Ist  of  November  and 
the  end  of  March.  They  shall  be  worked  up  intc  ^ies  continuoosly,  which  work 
shall  be  completed  by  the  end  of  April.  Timber  will  be  refused  which  has  been 
felled  before  the  1st  of  November  or  not  worked  up  before  May  1st. 


^mm  4.*  ins  — '  ^-minitiuun  r.ffo  9' 


—miitutiuii  /OZ  ms r  « inmuntuniOzif. 


All  the  ties  shall  be  completely  barked.  As  fast  as  the  ties  are  made  they  must 
be  piled  np  carefully,  cob-faahion.  The  chief  engineer  of  the  company  reserves 
the  right  of  putting  on  inspectors  to  follow  np  the  felling  and  manufacture  of  the 
ties  at  various  points. 

Article  6. — The  untreated  ties  will  all  be  most  carefully  inspected,  both  as  to 
quality  and  dimensions.  Those  accepted  will  be  stamped  at  the  ends  with  the 
company's  marking  hammer. 

All  the  sticks  with  any  dimensions  less  than  the  limits  stated  in  article  3  will  be 
rejected.  Those  with  greater  dimensions  than  rei|alred  may  be  acct^pted,  but  no 
allowance  will  be  made  for  oversize,  the  ties  being  purchased  by  the  piece  and  not 
by  the  cubic  meter. 

If  a  tie  of  good  quality  and  otherwise  acceptable  shows  a  crack  likely  to  spread 
open  the  contractor  shall  bolt  the  two  parts  tof^ther  or  insert  an  S  in  the  end  at 
his  own  expense.  Every  tie  split  open  at  the  end  for  its  whole  width  or  thickness 
Shalt  be  rejected. 

The  rejected  ties  will  be  left  on  the  hands  of  the  contractor  at  the  point  of 
inspection:  they  will  be  so  marked  as  to  preclude  them  from  being  again  offered 
for  inspection. 

Article  7.— The  untreated  ties  must  be  well  seasoned  before  preparation,  and, 
so  far  as  possible,  adzed  and  bored  by  the  company  to  fit  the  rails  and  the  lag 
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screws.  The  seasonins  will  be  tested  by  weighing  a  namber  of  ties  haphazard. 
The  weight  of  the  timber  thus  ascertaiaed  mnst  not  be  more  than  46.7  lbs.  per 
cubic  foot. 

Article  8.— The  ties  will  be  injected  with  creoBote  by  the  new  "  Bly  the"  process, 
called  "  thermo-carbolizatlon. "  In  this  process  the  ties  are  subjected  te  the  two 
following  operations:     , 

1.  They  are  enclosed  in  a  cylinder  oC  boiler  plate  and  subjected  to  a  current  of 
steam  mixed  with  creosote  oil  vapor  for  a  length  of  time  sufficient  to  insure,  dur- 
ing the  second  operation,  the  absorption  of  the  prescribed  quantity  of  creosote. 

3.  The  cylinder  containing  the  ties  is  then  filled  with  a  snfficient  quantity  of 
crude  creosote.  This  liquid,  maintained  at  a  temperature  of  at  least  140'  Fuhr., 
Is  compressed  in  the  cylinder  by  steam  to  fire  atmospheres  from  the  generator, 
during  a  sufficient  length  ot  time  so  that  the  total  quantity  of  creosote  injected 
into  the  wood,  both  as  a  vapor  and  as  a  liquid,  shall  be  at  least  24.4  lbs.*  per  tie. 

If  the  engineer  of  the  company  deems  it  advisable  to  increase  this  quantity  of 
creosote,  the  contractor  will  comply  with  the  indications  which  he  may  receive 
relating  thereto. 

Article  9. — The  creosote  shall  consist  of  the  mixture  of  volatile  products 
heavier  than  water  distilled  from  ooal  tar  produced  by  gas  wotIcb.  It  shall  contain 
at  least  6  par  cent  of  carbolicacid,  or  of  analogous  producte  soluble  in  caustic  soda. 
It  shall  be  entirely  soluble  in  benzine,  and  completely  liquid  at  a  temperature  of 
132°  Fahrenheit.  It  must,  moreover,  conform  to  the  samples  which  thecontractor 
shall  submit  to  the  oompany's  engineer. 

The  contracter  shall  specify  from  what  gas  works  each  shipment  of  creosote  is 
received. 

Article  10. — The  company  shall  take  cognizance  of  all  the  operations  relative 
to  the  inspection  of  the  wood,  through  an  inspector  appointed  by  the  chief  engineer. 
Such  inspector  shall  satisfy  himself  as  to  the  thorough  application  of  the  "BIythe" 
process,  shall  keep  accounts  of  the  wood  injected,  and  shall  verify  the  results  of 
the  injection.  He  will  report,  upon  a  special  blank,  the  following  pointe  for  each 
operation: 

1.  The  length  of  time  of  application  of  the  mixed  steam  and  oils  coming  from 
the  vaporizer,  as  well  as  the  final  pressure  in  this  operation,  which  must  be  at 
least  five  atmospheres. 

3.  The  time  occupied  in  filling  the  cylinder  with  crude  creosote,  the  final  pressure, 
and  the  quantity  of  liqnid  absorbed  during  this  operation. 

8.  The  quantity  of  crude  creosote  introduced  in  the  vaporizer  and  in  the  lower 
reservoir.  This  quantity  shall  not  be  less,  for  ten  consecutive  operations,  than  au 
average  of  24.2  lbs,  per  tie  injected. 

4.  Finally,  the  inspector  shall  keep  an  exact  account  of  the  total  quantity  of 
creosote  which  the  contractor  shall  receive  at  the  works  for  injection,  so  as  to 
check  the  amount  of  liquid  absorbed  during  each  season's  work. 

The  chief  engineer  of  the  company  reeervea.  moreover,  the  right  of  using  any 
other  checks  which  he  may  deem  desirable  to  control  the  quantity  of  creosote 
injection  into  the  wood,  either  as  a  mixture  of  vapors  or  in  the  liquid  atate. 

The  royalties  to  be  paid  to  Mr.  BIythe  or  others  for  the  use  of  the  patents,  ete., 
will  be  at  the  sole  charge  of  the  contractor,  who  guarantees  the  company  against 
any  claim  of  this  nature. 

All  experiments  made  by  the  company  to  ascertain  whether  the  creosote  is  of 
good  quality,  and  if  the  injection  of  the  wood  is  complete,  shall  be  at  the  charge 
of  the  contractor. 

Articlb  11.— Upon  being  withdrawn  from  the  cylinder  the  ties  ehall  be  in- 
spected one  by  one  in  order  to  ascertain  whether  the  injection  is  homogeneous  and 

■Since  increased  to  33.2  lbs.  per  tie. 
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whether  the  qnantily  of  34.3  lbs.  has  been  inlj  aboorbed  b^  each.  This  last 
verification  shall  be  effected  as  described  in  aectioQ  8  of  articlo  10. 

Sach  ties  aa  mar  ^  incompletely  injected,  a  fact  which  shall  be  established  by 
catting  into  them  with  a  gouging  adze,  shall  be  subjected  to  a  second  i^ieratiOD. 
or  even  to  a  third,  after  which  they  may  be  declared,  in  case  of  need,  as  nnfit  for 
Injection,  and  finally  rejected,  sa  well  aa  those  ties  which  may  be  deformed  by  the 
action  of  heal  in  the  cylinder. 

The  contractor  shall  moke  no  extra  charge  for  these  repeatings  of  treatment, 
and  shall,  moreover,  either  insert  a  bolt  or  an  S  into  any  tie  which  shall  split 
dnring  the  treatment. 

Tbe  ties  accepted  shall  be  counted  and  either  immediately  loaded  on  cars  or 
piled  np  at  some  point  designated  by  the  company's  agent.  The  ties  rejected  shall 
receive  a  special  mark  at  the  rail  seat  and  will  be  piled  at  special  points  to  be  indi- 
cated to  the  contractor.  These  ties  shall  only  be  taken  away  npon  anthority  given 
by  the  engineer  of  the  company,  who  may  hold  them  nntU  the  masou's  contract  is 
filled,  BO  as  to  avoid  their  being  again  presented  for  inspection  by  agente. 

Abticls  is.*  Tbe  final  aooeptaace  of  the  ties  shall  only  take  place  six  months 
after  the  fnll  delivery  of  the  season's  contract. 

Until  this  final  acceptance  the  company  reserves  the  right  of  rejecting  any  tte« 
which  may  possess  defecte  not  detected  npon  a  first  Inspection,  or  which  may 
split  by  reason  of  a  bad  quality  of  wood. 

The  ties  so  rejected  will  be  surrendered  to  the  contractor  at  the  point  of  deliv- 
ery, who  shall  either  deduct  them  from  his  bill  or  furnish  other  ties  if  required  by 
the  company. 

Article  IS.  The  contractor  shall  be  governed,  save  in  such  modifications  as 
result  from  the  present  specifications,  by  the  clauses  and  general  conditions 
imposed  upon  contractors  doing  work  for  the  Northern  Railway  Company,  through 
the  rules  drawn  up  September  36th.  19S3,  by  the  chief  engineer  of  tbe  Pouts  et 
Chanssfes,  Chief  engineer  of  Maintenance  of  Way,  approved  October  Zlst,  IS03. 
by  the  Executive  Committee,  of  said  Company,  and  registered  In  Paris  tbe  28th  of 
the  same  month. 


lupBRiAL  Railways  of  Alsace-Lorraine,  GsRifANY. 
Specificatioaa  for  imprtgnating  inooden  railroad  tie» — I89S. 

Section  1.  For  pine  ties  the  impregnating  fluid  Is  a  solution  of  chloride  of  zinc, 
with  an  addition  of  coal-tar  oil  containing  carbolic  acid;  for  beech  or  oak  ties  hot 
coal-ter  oil  containing  carbolic  acid  miist  be  used. 

Section  2.  The  proceaa  of  impregnating  by  chloride  of  zinc  solution,  with  addi- 
tion of  coal-tar  oil  containing  carbolic  acid,  is  divided  into  three  parte: 

1.  Steaming  of  the  tieo. 

3.  Production  of  a  partial  vacuum  and  admission  of  the  impregnating  fluid. 

3.  Compression  (forcing  in)  of  the  impregnating  fluid. 

The  tiea  ore  loaded  on  iron  cars,  which  are  pushed  into  the  Impregnating  cylin- 
der; this  is  closed  air-tight,  and  they  are  exposed  to  the  action  of  steam;  steaming 
is  continued  for  a  longer  or  shorter  period,  according  to  tbe  time  of  year  and  the 
condition  of  the  ties.  The  admission  of  steam  into  the  impregnating  cylinder 
mast  be  regulated  in  ench  manner  that  an  inside  pressure  of  1.5  atmospheres 

■  The  same  contractor  furnishes  the  ties  and  treate  them. 
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(23  Ibfl.  per  square  incli)  above  air  preBsore  Is  reached  vitbin  SO  mmatcB.  For 
dry  tiee  It  will  suffice  to  maintkin  this  pr«ssare  in  the  imprefjcaattng  cylinder  for 
80  minotes  loDger,  bnt  for  green  ties  it  Bboold  be  kept  up  for  another  hour. 
For  dry  ties,  therefore,  the  eteaming  take!  at  least  1  honr.  while  for  grten  ties 
at  least  H  boors  are  necessary,  A  ^ngesttaohed  to  the  cylinder  indicates  exist- 
ence of  the  specified  pressnre.  Ttie  valve  at  the  bottom  of  the  cylinder  taaat  be 
opened  on  admittingtboateani.lQ  order  that  the  air  contained  in  it  may  be  driven 
ont,  bnt  should  be  closed  when  steam  begins  to  blow  ont.  This  valve  ihonld  be 
opened  repeatedly,  as  faat  as  steam  condenses;  open  it  at  least  every  half-hoar  to 
draw  off  the  water,  and  for  the  last  time  jnst  before  exhausting  the  air.  When 
steaming  Is  finished,  the  steam  remaining  in  the  Impregnating  cylinder  is  allowed 
to  escape. 

After  steam  Is  discharged  a  partial  vacaam  is  prodnced  in  the  cylinder  contain- 
ing the  ties,  antil  the  vaciiam  gange  shows  at  the  least  a  colnmn  of  mercury  of 
60  cm.  (28.6  ins. ) ;  this  partial  vacnnm  most  be  maintained  for  ten  minutes.  On 
expiration  of  this  time,  while  continnally  preeerving  the  partial  vacnnm.  allow 
the  impregnating  flnid,  which  meanwhile  has  been  prepared  in  a  separate  vessel 
and  heated  to  at  least  65°  Cent  (149'  Fahr,),  to  enter  the  impregnating  cylinder, 
filling  it  entirely.  To  prepare  the  impregnating  flnid,  add.  while  heating,  1  kgr. 
(3.3  lbs.)  of  coal-tar  oil  to  every  10  kgr.  (33  lbs.)  (6f  per  cent]  of  the  solution  of 
dnc  chloride. 

To  Insure  as  perfect  a  miitttre  of  the  solation  of  zinc  chloride  with  the  coal-tar 
oil  as  poeaible,  an  effective  stirring  apparatus,  comUned  with  Injection  of  steam 
and  air,  mnst  be  applied. 

Next  ft  preeenre  ptitnp  is  osed  to  eiert  an  excess  of  seven  atmospheres  above  air 
preesnre,  this  presenre  to  be  maintained  for  not  less  than  80  minutes.  If  neces- 
sary, continne  it  for  a  longer  time  nntll  the  tiee  have  absorbed  a  certain  amount 
of  impregnating  flnid,  as  specified  hereafter.  The  impregnating  flnid  Is  then 
mnofi. 

The  chloride  of  zinc  solution  intended  for  impregnating  most  be  as  nearly  as 
possible  free  from  foreign  snbetoncee,  And  there  mnst  be  no  free  add.  An  admix- 
ture of  other  metals,  notably  iron,  can  only  be  allowed  in  a  very  slight  x>ercentage 
and  only  if  it  can  not  be  avoided  in  the  manufacture.  The  solntion  mnst  have  a 
strength  of  S.o'  BaomS  =  1.0244  epeoifio  gravity  at  a  temperature  of  13°  Gent.  (59° 
Fuhr.).*    The  solntion  contains  1.36  per  cent  of  metallic  rinc. 

The  coal-tar  oil  used  mnst  not  contain  over  1  per  cent  of  oils  that  boil  below  125° 
Cent.  (297°  Fahr.).  It  must  be  so  little  volatile  that  its  boiling  point  lies  mainly 
between  IQO'  and  400°  Cent  (302°  and  752'  Fahr.).  In  no  caae  is  it  permissible  to 
have  more  than  2.^  per  cent  of  it«  weight  volatilized  below  285"  Cent  (4.55"  Fahr.), 
It  must  contain  at  least  30  to  35  per  cent  of  acid  substances  (creosote  or  oils 
reeembling  carbolic  acid)  that  are  soluble  In  caustic  lye  of  soda  of  I.IS  specific 
gravity.  The  coal-tar  oil  must  be  entirely  liqnid  at  4-15"  Cent  {59°  Fahr.),  and 
as  much  as  possible  free  from  naphthalene,  ao  that  on  evaporation  (fractional  dis- 
tillation) prodnced  in  a  glass  vessel  in  groups  of  50°  each  it  shall  leave  a  residue 
of  not  more  than  5  per  cent  of  naphthalene.  Its  epeciflo  gravity  shonld  not  be  lees 
than  1.020  at  a  temperatnre  of  +15°  Cent.  (S9°Fahr.)  and  should  not  exceed  1.055. 
To  remove  such  impurities  trovi  the  impregnating  fluid  as  are  due  to  the  process, 
suitable  settling  (clarifying)  apparatus  should  he  provided. 

The  contractor  is  required  to  report  where  he  obtains  his  supplies  of  sinc-chloiide 
solution  and  of  coal-tar  oil,  intended  for  use,  and  to  furnish  samples  of  the  same 
to  the  supply  office  of  the  Imperial  railways  at  Strassbnrg,  in  Alsace,  before  com- 

■3.5°  B.  correspon(lHto2,62percentdry  zinc  chloride.  H^tce,  19x3.62  percent 
omonnts  to  0.498  lb.  of  dry  zinc  chloride  per  cubic  foot 
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mencing  to  impregnate.  He  will  be  permitted  to  purchase  the  eolntion  of  zino 
chloride  and  the  carbolized  oil  of  coal  tar  only  from  Bach  factories  whose  samplea 
have  been  approved  by  the  management  of  the  railways.  The  railway  manage- 
ment reaarvea  the  right  to  test  tbe  flnids  ased  at  any  time. 

.It  is  specified  that  the  average  abaorptioa  of  impregnating  fluid  oontained  in 
every  charge  of  the  cylinder  shall  be  the  fallowing: 

(A)  Absorption  of  35  kgr.  (77  lbs. )  for  each  tie  of  the  first  claaa,  length  of  2.70 
m.  (8.85 ft.>. 

(B)  Absorption  of  30  kgr.  (57  Ibe.)  for  each  tie  of  the  second  class,  length  of 
3.50  m.  (8.2  ft.). 

(C)  Absorption  of  310  kgr.  per  cubic  meter  (19  lbs,  per  cubic  foot')  for  ties  of 
other  dimension!!. 

To  determine  the  amoantof  impregnating  flnid  absorbed  by  the  ties,  the  follow- 
ing method  muRt  be  adopted: 

Weigh  all  ties  on  a  platform  scale  placed  under  roof  inuuodiately  before  steam- 
ing them  and  again  after  impr^nating  when  dripping  has  coased.  The  difference 
In  weights  equals  amount  of  impregnating  flnid  absorbed.  A  deduction  of  15 
pfennigs  per  10  kgr.  (10  cents  per  l(K)  lbs.)  will  be  made  for  shortage  shown  by 
this  weighing  test.  In  case  tbe  shortage  amonnts  to  more  than  one-siith  of  the 
absorption  specified  tbe  impregnation  mnst  be  repeated.  If,  on  the  other  hand, 
the  weighing  shows  that  the  ties  have  absorbed  more  than  the  amount  specified, 
a  bonus  of  I'l  pfennigs  for  every  10 kgr.  (Iflcentsper  100  lbs.)  will  be  paid  for  such 
Increase  up  to  amaiimnm  of  15  percent. 

Section  3,  The  work  of  impregnating  with  hot  carbolized  oil  of  coal  tar  (i,  e., 
oil  of  coal  tar  containing  oarbolic  acid)  mnat  be  divided  iuto  two  parts: 

(1)  Drying  of  the  ties,  i.  e.,  withdrawing  water  from  them. 

(3)  Introdnction  of  oil  of  coal  tar  nnder  pressure. 

The  tii^e  are  run  into  the  impregnating  cyhnder  and  this  la  closed  air-tight. 
Next,  a  partial  vacuum,  equal  to  at  least  <tO  cm.  (33.C  ins. )  column  of  mercury.  Is 
produced  in  the  imprecating  cylinder  and  maintained  for  10  minutes,  and  there- 
upon, while  keeping  up  the  vacnnm,  the  hot  oil  of  coal  tar  is  made  to  flow  in  until 
it.  rises  to  a  level  that  will  prevent  sucking  over  by  tbe  air  pumps.  The  flowing 
in  of  the  coal-tar  oil  may  be  accomplished  all  at  once  or  at  idtervala.  according  to 
the  dryness  of  the  ties.  While  thns  fining  up,  and  afterwards,  the  coal  tar  is 
heated  np  inside  tbe  cylinder  to  at  least  lOo  Gent.  (33r  Fahr.).  but  not  higher 
than  115°  Cent.  (339  Fahr.),  by  means  of  st^ni  coils.  This  heating  should  be 
accomplished  during  a  space  of  time  not  leas  than  3  hours.  When  this  tempera- 
ture is  reached  in  the  impregnating  cylinder,  it  must  be  kept  up  for  another  hour, 
either  with  or  without  the  partial  vacuum,  as  may  be  judged  necessary,  in  ordw 
that  the  ties  may  absorb  the  specified  amount  of  oil  of  coal  tor. 

The  impr^nating  cylinder  is  connected  with  a  pipe  condenser  from  the  instant 
that  fllllng  with  hot  coal-tar  oil  commences,  and  all  the  aqueous  vapors  driven 
out  of  the  ties  are  condensed  in  this,  the  water  being  carried  to  a  tank.  Tbis 
receiver  must  have  a  water  gauge  from  which  one  can  read  off  the  unount  of 
water  evaporated  from  the  ties. 

After  the  dr3'ing  of  tbe  ties  or  tbe  extraction  of  water  from  them  is  finished  the 
impregnating  cylinder  Is  filled  completely  and  the  preasnre  pump  started,  which 
must  produce  a  pressure  of  at  least  7  atmoapberes.  This  pressure  is  to  be  main- 
tained for  at  least  80  minutes  in  treating  beech  ties  and  60  minntos  for  oak  ties, 
nnless  it  proves  necessary  to  prolong  the  time  to  obtain  the  amount  of  absorption 
specified.    The  oil  of  coal  tar  is  then  drawn  off. 

■3.5'  B.  corresponds  to  3. 03  per  cent  dry  ziuc  chloride.  Hence,  19  X3.S2  per  cent 
amounts  to  0.49S  lb.  of  dry  zinc  chloride  per  cubic  foot 
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The  cotil-tftr  oil  used  maet  be  heavx  oil,  derived  from  the  distillation  of  coal  tar, 
of  greenish-hlack  color,  flpecific  gravity  of  1.045  to  1.100  at  1S°  Ceat.  (59°  Fahr.), 
boiiing  point  between  150°  and  400°  Cent  (303°  and  753°  Fahr.). 

While  making  fractional  distillation  no  oils  most  pass  over  below  150°  Cent 
(803°  Fahr. )  and  not  more  than  25  per  oent  of  the  volume  at  temperatnre  np  to 
285°  Cent  (455°  Fahr.). 

The  coal-tar  oil  most  contain  by  volnme  at  least  ID  per  cent  of  carbolic  acid 
and,  at  a  tmnperatnre  of  15°  Cent.  (59°  Fahr.),  must  be  free  from  naphthalene  and 
show  no  sediment. 

To  deteTmine  percentage  of  carbolic  acid,  apply  agitation  to  the  oils  heated  to 
400°  Cent  (752°  Fahr. )  with  a  oaostio  solution  of  soda  having  epecific  gravity  of 
1.15.  The  difference  in  volume  of  oil  before  and  after  agitation  gives  percentage 
of  carbolic  aoid. 

The  oontraotor  is  reqaired  to  state  source  of  supply  for  his  coal-tar  oil  and  to 
fomieb  tiamplee  to  the  supply  ofhce  of  the  Imperial  railways  at  Strassburg  before 
he  conunencee  work  of  impregnation.  The  coal-tar  oil  can  only  be  purchased 
tma  factories  whoee  eaanplee  have  been  approved  by  the  railway  management 
The  railway  management  reeerves  the  privilege  of  at  any  time  testing  the  coal-tar 
oil  need. 

It  is  specified  that  the  average  absorption  of  coal-tar  oil  for  every  charge  of  the 
cylinder  shall  be: 

(a)  For  one  railroad  tie,  1st  class,  2.70  m.  (8.86  ft)  long,  of  oak  wood,  11  kgr.  (34 
Iba.);  of  beech  wood,  36  kgr.  (TSlbe.). 

(6)  For  one  railroad  tie,  2d  clase,  2.50  m.  t8.20  ft.)  lot«,  of  oak  wood.  8  kgr. 
(18.6  Ibe.):  of  beech  wood,  28  kgr.  (61.6  Iba.). 

(c)  For  ties  of  other  dimensions  per  onbic  meter  (86.8  en.  ft),  of  oak  wood,  100 
kgr.  (320  Iba.);  of  beech  wood,  a2o  kgr.  (715  lbs.). 

To  determine  the  amount  of  coal-tar  oil  absorbed  by  the  ties,  these  are  weighed 
before  the  impregnation  and  again  afto*  it,  when  dripping  of  oil  hae  oeased,  aaing 
aplatform  scale  p)ax»d  under  a  roof.  The  difference  in  weight  is  amount  of  coal- 
tar  oil  absorbed.  Correct  the  weight  of  the  ties  before  impregnation  by  dednot- 
ing  from  it  weight  of  water  delivraed  by  condenser  to  the  tank  and  obtained  from 
the  vapors  distilled  while  drying  In  hot  coal-tar  oil,  as  weight  of  tiea  is  reduced  to 
tills  extent  by  drying  process.  If  on  examination  it  is  proved  ttiat  absorption 
amonnta  to  leas  than  Gve-sixths  of  that  specified,  the  impregnation  mnst  be 
repeated. 

For  every  shortage  in  coal-tar  oil  shown  by  above  test  a  deduction  of  50  pfen- 
nigs for  10  kgre.  (54.5  cents  per  100  lbs, )  will  be  made,  but,  on  the  other  hand,  an 
increase  in  abeorption  will  be  paid  for  at  the  same  rate,  a  maximum  of  15  per  cent 
increase  being  the  limit  of  such  payment. 

Section  4.  The  contractor  is  required  to  give  eight  days'  notice  to  the  supply 
office  of  the  time  of  Intended  commencing  to  impregnate  ties,  in  order  that  the 
office  may  send  an  official  to  supervise  same.  This  ofQcial  must  be  freely  admitted 
at  all  times  to  the  plant  of  the  contractor,  and  all  desired  information  must  be 
readily  furnished  him.  The  contractor  moat  furnish  all  necessary  appliances, 
apparatus,  and  labor  to  make  tests  without  charge. 

Section  5.  In  case  the  contractor  does  not  supply  hie  own  ties,  the  parties  fur- 
nishing them  will  be  required  to  deliver  f,  o.  b.  cars  at  the  station  nearest  to  the 
Impregnating  works,  provided  they  are  shipped  by  rail.  Ties  delivered  by  wagon 
or  other  conveyance  will  be  delivered  loaded  at  storage  yards  of  the  factory  with- 
out charge. 

The  hauling  of  tlea  from  the  station  to  factory  will  be  at  the  expense  of  the  con- 
tractor for  impregnation.  He  has  also  to  provide  for  unloading,  piling,  and  liand- 
ling  of  ties  as  pra  regulations.    The  contractor  will  be  paid  for  this  labor  the 
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amount  <a  8  pfennigs  (1.93  oentB)  for  each  tnofc  tie  and  4  pfennigs  (0.96  cent)  for 
each  switch  tie  of  1  m.  These  prices  oorer  the  expense  of  labor  and  tcxds  required 
In  receiving  green  tlee  as  well  M  that  of  reloading  rejected  tiea,  paTiuent  for  a  tie 
to  be  made  oa\y  once. 

Section  6.  The  contractor  for  impregoating  is  held  liable  tor  all  damages  tm.& 
loss  of  ties  that  may  occni  from  tlie  time  they  are  delivered  to  Mm  at  the  railroad 
station,  or  at  his  works,  as  long  as  ties  remain  at  hie  works.  This  liability  inolndee 
loeses  by  fire  occurring  at  the  impreg;nation  vorks  and  by  tlteft  committed  while 
ties  remain  there.  The  contractor  must  pay  the  valne  of  all  missing  ties  or  of  snch 
ae  become  nneerviceable  prerions  to  their  return  after  impregnation,  hnt  la  not 
liable  for  splitting.  He  is,  however,  required  to  fnmish  without  charge  all  necea- 
Bsry  S  hookg  and  bolta  for  drawing  together  the  cracks  occnrring  during  storage, 
and  has  to  drive  or  pat  these  in  according  to  directions  of  the  supervising  (Acdal. 

When  ties  are  turned  over  to  the  contractor  for  impregnation,  they  ai«  already 
supplied  with  S  hooks  needed  to  draw  together  all  existing  cracks.  Each  beech 
tradt  tie  is  also  fitted  with  two  iron  bolts  mnning  throDgh  it  about  10  cm.  (41ns.) 
from  each  end  in  the  direction  of  its  breadth.  It  is  his  duty,  thrasfore,  to  snp{Ay 
vithont  charge  only  such  S  hooks  and  bolts  as  may  be  seeded  thereafter,  and  oC 
the  same  Und,  and  to  fasten  them. 
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pUUiKTIVS  OF  TnE  BUREAU  OF  PLANT  INXtUSTBY. 

The  Bureau  of  Plant  Industry,  which  was  organized  July  i ,  1901,  ini^ludciJ  Vege- 
tal>lc  Pathological  and  FhyRiolc^icai  InvestigaCionB,  Botanical  InveatigatioD:^  aiid 
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wa;4  diecontjnned.  and  all  are  now-  pahlished  at!  one  serlt?i  of  the  Bureau, 
The  bulletins  publiehiid  in  the  Bureau  aericK  are: 
So.  1.  The  Relation  of  Liuie  and  Mi^etfk  to  PlantGrowth.    1!KII. 
'2.  apermatogenewis  aiirt  Fecundatiou  of  Zatuia,     1901.. 

3.  Macaroui  WheatH.     ISOl. 

4.  Kange  Improvement  iu  Ariiiona.     1901. 

5.  Seeds  and  Plflnt.<(  Imported  throiiith  the  fiet'tionof  Seed  ^id  Plant  Inlroduc* 

tion,  etc.     Inventory  No.  0.     1*)2. 

6.  .\  List  of  Amcricjin  Varieties  of  Peppers.     1902, 

7.  The  Algerian  Durum  Wheats.     1902. 

8.  A  (Jollection  of  Eeonomie  and  other  Fiuigi  pit|i8r<?d  for  distribution.     1902, 

9.  The  Sortli  American  Sj)ecieH  of  Rpartiua.     1902. 

.10.  Retord  of  Seed  Distribution  and  Coo]>enitive   Kxjieriments   with  GnLifiefl 
aixl  Forage  Plants.     1902. 

11.  Johnson  Grafw:  Reiwrt  ou  luvestijialiouji  Made  during  the  St-asoti  of  lUOI. 

1902. 

12.  Notes  on  the  Grasne:'  and  Forage  Plants  and  the  Forage  Couditincii',     1902. 

13.  Exgieriniente  iu  Range  Improvement  in  ('^jutnd  Texas.     190:i 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriccltube. 

Bureau  of  Plant  Industry, 

Office  op  the  Chief, 
Washington,  D.  C,  Decmbt-r  1,  1901. 
Sib:  I  have  the  honor  to  ti-anamit  herewith  a  paper  on  Forage  Con- 
ditions on  the  Northern  Border  of  the  Great  Basin,  and  respectfullj- 
recommend  that  it  be  published  as  Bulletin  No.  15  of  the  Bureau  iSeries. 
The  paper  was  prepared  by  Sir.  David  Griffiths,  expert  in  charge  of 
field  management.  Grass  and  Forage  Plant  Investigations,  and  was 
submitted  by  the  Agrostologist. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


In  July,  1901,  Dr.  David  Griffiths,  expert  in  charge  of  field  manage- 
meut,  accompanied  by  Mr.  E.  L.  Morris,  was  coromisijioaed  to  visit 
northern  Nevada  and  southern  Oregon  to  investigate  the  range  condi- 
tions in  that  section,  and  the  i-esult^  of  his  observations  are  embodied 
in  this  bulletin. 

Comparatively  little  was  previously  known  as  to  the  existing  condi- 
tions in  this  region,  and  the  present  report  shows  the  pressing  need  of 
reform  in  range  management — a  matter  which  applies  not  only  to  this 
section,  but  to  all  the  open  ranges  in  the  West.  Throughout  the  entire 
West,  as  the  better  land  has  been  taken  up  by  settlers  the  cattle  and 
sheep  ranges  have  become  more  restricted,  and  stock  are  now  forced 
back  from  the  fertile  river  bottoms  and  other  lands  so  situated  as  to 
make  irrigation  possible,  and  the  inevitable  result  has  been  overstock- 
ing of  these  restricted  and  poorer  ranges,  with  all  the  attendant  evils. 

In  pursuing  his  investigations  Dr.  Griffiths  visited  the  Pine  Forest, 
Bartlott  Peak,  Steins,  White  Horse,  Blue,  and  Bendire  mountains, 
the  valleys  of  the  Humboldt,  Quinn,  Silvies,  and  Malheur  rivers,  and 
the  basins  of  the  Alvord  Desert  and  Malheur  Lake,  thereby  traveling 
about  700  miles  between  July  17  and  August  30.  In  furtherance  of 
these  investigations,  Hon.  J.  P.  Irish  and  Mr.  John  Gilcrest,  superin- 
tendent of  the  Miller  and  Lux  and  the  Pacific  Live  Stock  companies* 
interests  in  Nevada'and  Oregon,  furnished  transportation,,  guides, 
and  living  expenses  for  the  party  for  practically  the  entire  trip  from 
Winnemucca,  Nev.,  to  Ontario,  Oreg. ;  and  to  both  Mr.  Irish  and  Mr. 
Gilcrest  we  are  greatly  indebted  for  courtesies  shown  during  the  trip. 
Acknowledgment  is  also  here  made  to  the  Bureau  of  Soils  of  this 
Department  for  the  analysis  of  soil  samples  collected  on  the  trip. 
F.  Lamson-Scbibner, 

Agro»tologi8t. 

Grass  and  Foraqe  Plant  Investigations, 

Waehington,  D.  C,  Novemhei-  29,  1901. 
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INTK0D1I0TION. 

The  area  of  our  public  grazing  lands  has  decreased  so  steadily  with 
the  tide  of  westward  emigration  that  the  stock  industry,  which  once 
flourished  on  the  magnificent  pastures  of  the  public  ranges,  is  now 
driven  into  situations  either  too  arid  or  too  rugged  for  the  husband- 
man's use.  From  a  natural  tendency  to  increase  rather  than  to  dimin- 
iah  the  number  of  stock  has  resulted  a  condition  of  shortage  of  feed, 
which  was  foretold  years  ago  by  those  who  were  then  studying  the 
treatment  of  the  ranges.  This  condition  has  awakened  great  activity 
in  investigations  of  questions  pertaining  to  the  preservation  of  the 
feed  supply  of  the  public  pasture  lands.  So  numerous  are  the  requests 
for  information,  advice,  and  suggestions  for  the  improvement  and 
management  of  the  ranges  which  are  received  in  the  office  of  the  Agros- 
tologist  that  it  is  very  difficult  to  give  all  of  them  the  attention  which 
they  deserve. 

In  response  to  one  of  these  requests  the  writer  and  Mr.  E.  L.  Morris 
were  commissioned  to  make  a  tour  of  a  portion  of  the  ranges  of 
northern  Nevada  and  southeastern  Oregon  for  the  purpose  of  determin- 
ing  the  condition  of  the  forage  supply  and  ascertaining,  if  possible,  some 
method  of  treatment  of  the  ratige  and  pasture  lauds  which  would  tend 
to  increase  the  efficiency  of  the  pastures  and  hay  meadows. 

A  request  from  the  secretary  of  the  Eastern  Wyoming  Wool  Growers' 
Association,  that  a  representative  of  the  office  visit  the  midsummer 
meeting  of  that  body  for  the  purpose  of  addressing  the  membei-s  in 
attendance  on  range  and  forage  plant  problems,  was  received  prior  to 
our  departure  for  the  iield.  Arrangements  were  therefore  made  to 
attend  the  meeting  of  this  association,  held  at  Douglas,  Wyo.,  July  10, 
11,  and  13  to  give  such  information  and  advice  as  seemed  best  calcu- 
lated to  be  of  service  to  those  in  attendance  and  to  acquaint  them  with 
the  work  of  the  office  of  the  Agrostologist.  The  interest  which  nat- 
urally exists  in  forage  and  range  prablems  was  abundantlj'  exhibited 
in  the  meetings  and  by  the  attitude  of  the  members  toward  forage 
problems  as  they  came  before  them.  The  programme  itself  exhibited 
this  interest  in  no  mistakable  terms,  for  there  were  three  places  allotted 
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to  addresses  on  the  various  phases  of  grass  and  forage  problems  and 
range  reclamation  by  aa  many  persons.  The  problems  of  greatest 
interest  to  the  meeting  appeared  to  be  those  relating  to  the  most  prom- 
ising arid  land  species  of  forage  plants,  forage  plants  for  alkali  soils, 
and  methods  of  range  management  having  for  their  object  the  greatest 
permanent  efficiency  of  the  native  pastures. 

After  the  conclusion  of  the  meeting  at  Douglas  the  party  proceeded 
directly  to  Winneraucca,  Nev.,  and  began  its  work  along  the  Humboldt 
River  bottoms.  The  lines  of  investigation  covered  every  phase  of  for- 
age plant  and  range  questions  in  the  region,  and  necessitated  work 
along  about  six  lines,  namely,  studying  the  native  ranges,  securing 
information  from  the  ranchers  in  the  region  relative  to  former  con- 
ditions, collecting  specimens,  gathering  seed  of  promising  native 
species  of  forage  plants,  digging  soil  samples,  and  taking  photographs 
illustrating  the  various  fefttures  of  the  work. 

Aft«r  a  few  days'  work  on  the  Humboldt  River  bottoms  in  the 
vicinity  of  Winnemucca,  the  party  started  northward,  makiug  several 
short  stops  before  reaching  Quinn  Biver  crossing,  75  miles  to  the 
northwest.  Here  we  made  our  headquarters  until  the  Ist  of  August 
Being  a  representative  and  rather  favorable  locality,  we  found  an 
abundance  of  very  interesting  and  profitable  work.  From  here  we 
outfitted  for  a  trip  to  the  ranches  surrounding  the  Pine  Forest 
Alountains,  all  of  which  are  known  locally  as  part  of  the  "Quinn  River 
outfit,"  stopping  en  route  at  the  ranches  known  aa  Big  Creek,  Alder 
Creek,  and  Leonard  Creek.  From  Alder  Creek  a  trip  was  taken  into 
the  Pine  Forest  Mountains,  and  from  Leonard  Creek  into  the  moun- 
tains in  the  vicinity  of  Summit  Lake  and  Bartlctt  Peak,  both  under  the 
guidance  of  Mr.  Robert  Bowling. 

On  the  1st  of  August  we  crossed  the  Nevada-Oregon  line  at  Denio 
and  the  next  daj-  reached  the  White  Horse  Ranch,  near  the  site  of  old 
Fort  Smith.  Work  was  confined  here  to  hay  and  pasture  meadows 
and  to  a  two  days'  trip  into  the  White  Horse  Mountains,  a  low  range 
forming  the  watershed  between  the  Quinn  River  and  the  Alvord  drain- 
ages. Our  route  was  along  the  divide  skirting  the  headwaters  of  Wil- 
low, Cottonwood,  and  White  Horse  creeks.  The  next  stop  was  made 
at  the  Wild  Horse  Ranch,  near  Andrews.  This  property  is  but  little 
improved  and  therefore  affords  an  excellent  opportunity  for  studying 
the  condition  of  the  native  meadows  of  the  region.  Here  we  secured 
a  pack  outfit,  consisting  of  three  saddle  horses  and  two  mules,  for  a  trip 
into  Steins  Mountains,  under  the  guidance  of  Mr.  Joe  Bankofier.  A 
special  effort  was  made  to  traverse  the  region  known  as  the  summer 
range,  where  the  greatest  number  of  stock  is  usually  found  at  thia 
time  of  the  year.  The  mountains  were  ascended  from  the  Wild  Horse 
side  by  the  trail  leading  to  Ankle  Camp,  a  round-up  station  in   the 
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mountains.  From  here  on  until  within  a  few  miles  of  Manns  Lake- 
there  was  practically  no  trail,  except  such  as  had  been  made  here  and 
there  by  cattle  and  sheep  traveling  to  and  from  water  and  feed.  In 
no  case  did  we  reach  the  highest  eleratioD  on  the  mountains,  but  skirted 
them  on  the  west  and  north  along  the  broad  broken  table-lands  where 
so  much  pasturing  is  done.  Our  course  led  across  and  somewhat  below 
the  sources  of  the  Blitzen,  Mud,  Indian,  and  Cocoamongo  creeks. 
From  Manns  Lake  we  returned  to  Wild  Horse  along  the  traveled  road 
between  the  Alvord  Desert  and  the  base  of  the  mountains,  having  in 
this  manner  surrounded  the  main  divide  of  Steins  Mountains  and 
having  traversed  the  main  summer  range  of  the  region,  accomplishing 
in  this  mountain  range  a  similar  survey  of  the  country  as  we  did  in  the 
Pine  Forest  and  adjacent  ranges  in  northern  Nevada.  Returning 
from  Wild  Horse  to  Manns  Lake,  a  couple  of  days  were  spent  in  the 
vicinity  of  Divine's  ranch,  which  extends  from  the  eastern  slope  of 
Steins  Mountains  to  the  Alvord  Desert.  The  next  stop  of  any  length 
of  time  was  made  on  the  Island  Ranch,  between  the  forks  of  Silvies 
River,  15  miles  south  of  Bums.  From  here  we  traveled  by  rather 
rapid  stages  to  Ontario,  passing  en  route  Silvies,  Calamity  Settlement, 
Drewsey,  Beulah,  Westfall,  and  Vail.  Short  stops  of  one  to  three  days 
were  made  near  Silvies  and  Beulah,  and  at  Indian  Creek  and  Hai'per 
ranches. 

For  some  features  of  the  work  conditions  were  not  at  all  favorable. 
The  region  should  have  been  visited  about  twenty  days  earlier  for  the 
collection  of  specimens.  Many  important  things  on  the  desert  were 
so  far  gone  when  we  arrived  that  good  specimens  could  not  be  obtained; 
but,  while  there  was  loss  in  this  respect,  we  were  able  to  secure  a  large  ■ 
quantity  of  seed,  especially  of  the  valuable  wild  wheat  (Elymus  tri- 
ticoides);  and  we  were  in  just  the  right  time  for  the  study  of  the 
native  hay  meadows  and  the  summer  mountain  pastures  under  full 
stocking. 

The  trip  under  the  circumstances  was  very  easily  made,  and  was 
devoid  of  the  many  hardships  which  are  usually  encountered,  even  in 
regions  much  more  easily  traveled.  This  was  due  entirely  to  the 
excellent  provisions  made  for  ojir  accommodation.  The  traveling  was 
done  by  team,  except  when  we  took  pack  outfits  on  mountain  trips. 
(See  Pis.  1,  fig.  2;  II,  fig.  2;  HI,  figs.  1  and  2,  and  IV,  fig.  1.)  During 
nearly  the  entire  six  weeks  we  received  accommodations  at  ranches 
lying  along  the  route.  Sometimes  the  stops  were  made  at  a  ranch; 
at  other  times  with  the  hay  crews  on  the  meadows,  and  in  one  instance 
with  a  round-up  outfit  that  was  gathering  beef  for  the  market.  A 
total  of  about  700  miles  was  covered  in  this  manner,  through  probably 
the  most  sparsely  populated  and  one  of  the  largest  areas  in  the  country, 
with  no  railroads  or  telegraphic  communication. 
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12      FORAGE  CONDITIONS  ON  NOBTHEBN  BOBDEB  OF  OBEAT  BASIN. 
DEBOBIFTIOK  OF  THE  KEOIpN. 

The  g^-eftter  portion  of  the  area  studied  i«  situated  in  the  Great  Basin, 
and  may  be  briefly  and  tersely  described  aa  a  series  of  basins  along 
the  border  of  this  large  avid  region,  which  receives  less  than  10  inches 
of  moisture  during  the  entire  twelve  months. 

As  would  be  expected,  the  transition  from  the  Great  Basin  to  the 
headwaters  of  the  Columbia  Kiver  is  a  very  hIow  and  gradual  one, 
and  the  remarks  which  follow,  while  dealing  especially  with  the  por- 
tion of  the  Great  Basin  visited,  apply  in  general  to  that  portion  of  the 
Columbia  River  drainage  which  lies  contiguous  to  it  on  the  north. 
The  main  basins  visited  were  the  Alvoid  Desert  and  the  baj^in  of  the 
Malheur  and  Harney  lakes,  A  glance  at  the  map  will  show  that  even 
the  river  valleys  are  in  effect  basins,  for  they  almost  invariably  empty 
into  "sinks"  {broad, level  areaa)  over  which  their  waters  spread  and 
evaporate  early  in  the  summer,  leaving  a  broad  expanse  of  graj'ish 
white  soil  with  no  vegetation  and  often  deeply  fissured,  as  shown  in  the 
lower  portion  of  PI.  VII,  fig.  1.  The  Quinn  River  Vallej"  is  simply  a 
portion  of  the  large  Bla^'k  Rook  Desert  basin,  and  a  section  of  it  in 
the  vicinity  of  Quinn  River  Crossing  does  iiot  differ  materially  from 
a  similar  section  of  the  basin  of  the,  Alvord  Desert. 

These  level  desert  bottoms  receive  considerable  water  in  the  spring 
of  the  year  from  melting  snows  on  surrounding  mountains.  The 
Alvord  Desert,  it  is  said,  is  usually  a  lake  varying  from  a  few  inches 
to  a  foot  or  two  in  depth  at  this  season,  the  depth  varying  greatly, 
however,  from  day  to  day  in  the  different  portions  of  the  bed,  depend- 
ing upon  the  direction  and  velocity  of  the  wind.  Surrounding  these 
areas,  many  of  which  are  entirely  devoid  of  \'egetation  during  the 
entire  year,  while  others  less  pronounced  have  scattering  growths  of 
iodine  weed  {Sjnrtmtachys  occidentalls)  and  scattering  bunches  of 
gi'easewood  {Sarcobatita  vii^nicid(/iit«),  is  found  a  zone  of  greater  or 
less  extent— a  few  feet  to  several  rods  or  even  a  mile  in  some  cases — 
of  salt  gr&sA  {Di«tic^lU  apicat<i).  Beyond  this  the  greasewood  again 
predominates,  but  often  gives  place  in  certain  localities  to  the  ravless 
goldenrod— the  rabbit  brush  of  the  region  {ChryaotJutinnus  graveo- 
lenx).  Beyond  the  greasewood  belt  the  soil  is  less  alkaline,  as  shown 
by  the  presence  of  the  black  sage  (Artemwia  trtdentata),  which  extends 
from  here  through  the  ravines  and  other  depressions  up  into  the 
mountains.  On  the  lower  foothills  between  the  ravines,  in  which  the 
black  sage  is  the  characteristic  plant,  the  spiny  saltbush  {Atripl^x 
con ferti folia),  hop  sago  {Orat/t'a  spinosa),  and  bud  sage  {Artemisia 
s/iinesct7's)  are  usually  the  conspicuous  plantji,  especially  in  northern 
Isevada.  The  latter  are  less  conspicuous  to  the  northward.  Indeed, 
we  saw  but  verj'  little  of  the  three  last  named  after  leaving  the  Alvoid 
Desert  until  we  reached  the  main  stream  of  the  Malheur  River  near 
the  Harper  Ranch,  40  miles  above  Ontario,  Greg. 
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Fig.  1.— Cattle  Ranqe  in  Bendire  Mountains,  Oregon. 

u«.  li'rx-iie.  and  bla<'k  nagf  in  FnrcKround  mid  a  Sfw  juiilpcn  in  IIh'  <1 


FlO.  2.-DESEBT  View  NEAR   Denio,  Oreqon. 
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DESCKIPTION   OF   THE   KEGIOIT.  13 

PRECIPITATION   RECORD   FOR  1900   AND   1901. 

In  common  with  the  eDtire  Great  Basin  area  tbe  precipitation  is 
very  meager  and  occurs  mainly  during  the  winter  months.  The  fol- 
lowing table,  kindly  furnished  by  the  United  States  Weather  Bureau, 
shows  for  Winnemucca,  Nev.,  and  Burns,  Oreg.,  a  total  precipitation 
of  lead  than  7i  inches  for  the  entire  twelve  months  of  the  year  1900: 

PrtdpiUition  for  Xeradn  and  Oregon. 


JW 

1  jl    1 

1900, 

1901. 

Jftnia  ■                                                  '        ovi 

,-n. 

"^ 

.- i            .4t 

IB  ' 

1              26 

J4 
4J 

April 

Jnn 

TniM., 

IB 

15 

July 

AnBiin 

September 

1   16                                     2* 

November 

7.« 

i 

It  is  to  be  understood,  of  course,  that  the  observations  on  precipita- 
tion are  made  on  the  lowlands.  The  higher  levels  receive  much  more 
moisture,  or  else  the  region  would  be  a  desert  indeed.  Observations 
taken  on  the  summer  range  on  Steins  Mountains  would  be  very  instruct- 
ive and  show  without  doubt  a  greater  precipitation  for  some  months 
than  for  the  entire  year  at  Winnemucca  or  Quinn  River  Crossing.  It 
is  the  low  ranges  of  monntains  surrounding  the  basins  that  enable  the 
country  to  support  even  a  sparse  population. 

The  mountains  for  the  most  part  are  low,  under  9,000  feet  in  alti- 
tude, and  thinly  wooded.  A  very  prominent  characteristic  of  the 
three  ranges  visited  south  of  Burns — -Pine  Forest,  White  Korse,  and " 
Steina  Mountains — is  the  presence  of  numei-ous  narrow,  steep  ravines 
and  gorges  bordered  by  often  impa-ssable  rim-rocks,  and  a  slope  to  the 
northwest  much  more  gentle  and  prolonged  than  that  to  the  southeast. 
Indeed,  the  White  Horse  Mountains,  especially,  present  the  appearance 
of  a  huge  fault  which  has  subsequently  been  cut  out  by  the  action  of 
water  until  there  occurs  a  long,  gentle  slope,  fissured  by  narrow 
ravines  with  verj'  precipitous  sides  and  bordered  by  perpendicular 
cliffs  of  rim-rocks. 

Another  very  stiiking  peculiarity  which  one  "used  to  Rocky  Moun- 
tain areas  notices  immediately  is  the  abundance  of  small  springs  which 
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furnish  but  little  water.  This,  however,  is  to  be  expected  in  such 
small  and  low  mountain  ranges.  Not  only  does  the  water  of  Nevada 
not  reach  the  ocean,  but  the  rivers  do  not  reach  the  sinks,  and  the 
small  tributaries  from  the  mountains  often  do  not  reach  the  main 
channel,  for  all  of  the  water  tliat  succeeds  in  getting  down  to  the  fer- 
tile eage-brush  areas  near  the  river  bottoms  is  used  at  the  present 
time  in  irrigation.  The  rivers  reach  the  sinks  in  the  spring;  the 
brooks,  the  rivers  in  early  summer;  but  even  the  rivuleta  close  to  the 
base  of  the  mountains  are  dry  in  summer  or  early  autumn.  On  the 
advent  of  cool  weather  in  the  fait  the  waters  are  said  to  "rise"  whether 
it  rains  or  not.  Even  the  diurnal  fluctuation  iu  the  mountain  brooks 
is  often  remarkable.  One  may  find  a  brook  carrying  a  considerable 
volume  of  watw  in  the  morning  but  have  none  whatever  at  5  o'clock 
in  the  afternoon.  By  the  next  morning  it  will  have  regained  its  usual 
volume.  This  was  unusually  conspicuous  on  the  eastern  side  of  Steius 
Mountains  Ht  the  Divine  and  Manns  I^ake  ranches,  where  observations 
were  conducted  for  several  days. 

The  only  range  containing  pine  timber  south  of  the  spur  of  the  Blue 
Mountains,  north  of  Burns,  Oreg.,  was  the  Pine  Forest  Range  near 
Quinn  River  Crossing.  Here  on  the  highest  elevations  is  a  scanty 
growth  of  pine  {Pinus  (ilhicavlh).  It  is  rather  astonishing  that  we 
should  find  this  isolated  range  having  pine  timber  upon  it,  while 
neighbonng  ones,  such  as  Steins  Mountains,  have  no  pine  at,  all.  The 
latter,  however,  have  a  much  larger  quantity  of  Juniper  (Jun/jterue 
virginlana)  tlmn  the  former.  The  latter  are  also  said  to  contain  some 
balsam  in  one  or  two  of  the  canyons,  but  we  found  none  upon  our  route. 
The  principal  pine  in  the  spur  of  the  Blue  Mountains  which  we  crossed 
north  of  Burns  is  the  bull  pine  {Ptnus  8copylor\im):  The  best  growth 
of  juniper  seen  on  the  whole  trip  was  in  Steins  Mountains.  Even 
here,  however,  there  is  seldom  what  one  may  term  a  forest,  but  on  the 
contrary,  scattering  trees,  10  to  18  inches  in  diameter  are  found  at 
long  intervals.  Aside  from  the  pines  and  juniper,  the  only  trees  of 
the  region  south  of  Burns  are  two  species  of  poplar  {Popiilus  tremu- 
loidffs  and  P.  tricliocarpa).  The  latter  is  quite  abundant  in  canyons  and 
deep  ravines  in  Steins  Mountains,  but  the  former  species  is  the  impor- 
tant one  in  the  other  ranges  visited,  both  in  the  gulches  and  on  the 
high  shaded  slopes.  Among  other  shrubby  plants  which  form  dense 
tbicket.s,  often  over  areas  of  considerable  extent,  may  be  mentioned: 
Mahogany  (C'ercocarpus  ledifolktti),  service-ben-y  {Amelanckier  alnt- 
folia),  snow  brush  {Ceanothua  vefutimui),  spirea  (Holodiiicus  dumosus), 
Indian  currant  {Sympfiwicarjx^  oreopkilm),  shrubby  cinquefoil  {Dasi- 
2}hora  fruticosa),  and  choke-cherry  (Prunm  eiiiarginaiun  and  Pi-unufi 
demiasd).  Along  the  moister  areas  in  gulches  one  always  finds  a  pro- 
fuse growth  of  willows  which  are  also  sometimes  found  forming 
thickets  on  high,  moist,  shady  slopes.  In  the  same  localities  extensive 
growths  of  alder  are  also  to  be  found.     The  willows  of  the  entire 
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Fu.  I.— MouNTArN  Pasture  in  Blue  Mountains  alono  Calamity  Creek,  Oregon, 


Fio.  2.— Black  Saoe  on  Malkeur  River  near  Vale,  Oreoon. 
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region  are  nearly  all  small  aod  shrubby.  They  are  seldom  larji^ 
enough  for  posts  but  are  often  used  as  stays  and  to  a  large  extent  in 
building  corrals. 

To  casual  observation  the  desert  i-egiona  are  very  different  from 
those  of  southern  Arizona.  There  is  a  very  noticeable  absence  of  the 
creosote  bush  and  the  various  species  of  C'actacecB,  their  place  being 
taken  by  the  spiny  salt  bush  {Atriphx  oonfertifoUa),  bud  sage  (Arte- 
■misia  spinescens),  and  black  sage  {Artemisia  tridentata).  Close  exami- 
nation, however,  reveals  many  striking  aimilaritiea.  The  preponder- 
ance of  small  animals  belonging  to  the  reptilian  type,  as  well  as  the 
remains  of  an  ephemeral  spring  vegetation,  remind  one  of  the  southeni 
deserts.  This  spring  vegetation,  which  was  recognizable  at  the  time 
of  our  visit,  belongs  lai^ly  to  the  phlox,  mustard,  and  borage  fami- 
lies and  apparently  to  the  botanical  genera  OUia,  Slsymbrmm,  Amsiii- 
kia,  and  Eritrichium,,  a  list  which  corresponds  very  closely,  as  far  as 
it  goes,  with  the  conspicuous  fugacious  spring  plants  of  the  Arizona 
deserts. 

THS  SOIZiS. 

An  effort  was  made  to  learn  as  much  as  possible  concerning  the 
relation  of  the  soluble  salts  in  the  soil  to  the  development  of  forage 
crops  both  native  and  cultivated.  Fifty  soil  samples  were  gathered, 
but  owing  to  lack  of  time  for  their  study  only  twenty-four  were 
selected  for  analysis.  A  comparison  of  the  description  of  the  «amplea 
with  the  table  of  analyses  will  show  that  the  selection  was  made  witii 
special  reference  to  certain  forage  crops.  The  analyses  are  of  value, 
therefore,  in  indicating  the  kind  of  soil  upon  which  the  best  native 
forage  plants  grow,  and  suggest  what  may  be  expected  of  such  areas 
when  an  attempt  is  made  to  bring  them  under  cultivation.  In  a  few 
instances  analyses  of  soils  which  have  baffled  attempts  at  seeding  with 
cultivated  crops,  especially  alfalfa,  are  given.  Some  of  the  failures 
reported  and  observed  are  evidently  due  to  too  much  soluble  salts  in 
the  soil,  while  others  are  directly  traceable  to  improper  application  of 
irrigation  water. 


No.  I. — July  Ifl,  on  Humboldt  River,  3  miles  below  Wiunemucca,  Nev.  Deep, 
productive  river-bottom  soil,  which  Ijakea  very  hard  when  dry.  It  is  this  aoil  which 
produces  fine  crops  of  wild  wheat  or  blue  irtem  [Elymus  trilicoides).  It  ia  evidently 
very  fertile,  and  wheti  properly  irrigated  yields  inunenee  crops  of  hay.  The  sample 
was  wet  when  collected,  and  was  taken  from  a  typical  locality  from  which  was  being 
cut  2  tons  of  hay  per  acre. 

iVb.  5.— July  19,  near  "Dutch  John  ranch,"  QutUD  Biver  Valley,  Nev.  Grease- 
wood  (Sarcobirttis  vermicuUilvf)  soil  which  bakee  very  hard  when  dry.  Probably  very 
alkaline,  but  this  had  no  crunt.  Large  areas  in  this  vicinity  are  covered  with  water 
during  a  portion  of  the  winter  and  early  spring. 

No.  4. — July  21,  Quinn  River  Crossing,  Nev.  Salt  grass  laud,  crusty  and  exceed- 
ingly hard.  The  crust  is  easily  broken,  rather  thin  and  seldom  white.  Below  this 
is  a  layer  of  rather  mellow  soil  subtended  by  a  hardpan.  The  crust  is  about  one- 
e^hth  of  an  inch  in  thickneea,  mellow  soil  one-half  inch  and  hardpan  indefinite. 
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No.  *.— July  21,  1901,  Quinn  River  Crossing,  Nev.  Giant  lye-grass  (£^mtM  ton- 
dejtmtuK)  Boil,  so  liard  at  this  lime  of  the  year  that  it  is  almost  impossible  to  peuetTste 
it  with  a  trowel.  This  sample  is  from  the  typical  open  areas  on  the  Quinn  Rivw 
bottoms  neqr  the  Miller  and  Lux  ranch,  and  differs  very  materially  from  the  Boil 
which  produces  equally  large  quantities  of  this  grass  in  sage-brush  areas.  The  meadow 
from  which  this  sample  was  taken  is  heavily  pastured  during  the  winter  months. 

No.  /I.— July,  1901,  near  Leonard  Creek  ranch,  aLont  85  miles  northwest  of  Win- 
nemucca,  Nev.  There  was  practically  nothing  growing  where  this  sample  was  taken 
escept  Nuttall'a  saltbash  {AlripUx  iiiittaltii)  and  white  sage  {Eiirolin  Inriala).  The 
sample  was  taken  from  a  small  basin-sha]ied  depression  about  20  rods  in  diameter. 
It  has  a  verj-  different  appearance  from  the  typical  white  sage  soil  of  the  region, 
the  latter  usually  growing  on  well-drained  slopes  with  the  spiny  saltbush  (AlripUx 
co,./erCIMm). 

No.SS. — July,  1901,  Alder  Creek  ranch,  about  100  miles  northwest  of  Winnemucca, 
Nev.,  and  at  the  western  base  of  the  Pine  Forest  Mountains.  Jleadow  soil  in  which 
Nebraska  sedge  (Oirfj;  nelminkentis)  grew  to  the  exchision  of  all  other  vegetation. 
This  sedge  invariably  grows  in  low  depressions  which  are  flooded  for  a  large  part  of 
the  year. 

No.  IS. — August  1,  1901,  in  Nevada,  near  Denio,  Oreg.  This  is  considered  to  be 
the  typical  soil  upon  which  this  raylees  goldenrod  {Chrg»t)lliarnmu- ffravioleru)  is 
usually  found.  There  were  but  very  few  other  shrubs  or  other  vegetation  of  any 
kind  growing  where  the  sample  was  taken. 

No.  17. — August  2,  1901,  near  Denio,  Oreg.  Sample  taken  from  what  appeared 
to  be  a  very  alkaline  situation  covered  with  a  good  stand  of  alkali  saccaton  (i^ooro- 
50(111.  iiiroidfg). 

No.  IS. — August  2,  1901,  near  Denio,  Oreg.  Sample  from  one  of  the  rather  sandy 
areas  surrounding  and  situated  alwve  the  bottom  of  the  valley.  The  v^etation 
confiists  of  black  sage  {Arlemieiii  IriileuUiln),  bud  atyje  {Artemmn  uplneicenn),  spiny 
salttiush  (Alripkj^  eonferli/olut) ,  hop  sage  [Qrnifia  npinoep),  and  rayleas  goldenrod 
{Ckrytotliiminut  vitddifionu).  .  It  is  unusual  lo  lind  these  planta  growing  in  thia 
way.  They  are  usually  more  or  leas  separated  and  grow  on  different  soils.  It  is 
common  to  Gnd  two  or  three  of  them  together,  but  the  writer  has  never  seen  them 
growing  so  intimately  mixed  anywhere  else. 

No.  ii. — August  6,  1901,  Alvord  Desert,  Oregon.  This  is  what  is  known  in  the 
region  as  "  self-raising  ground."  It  presents  a  peculiar  appearance,  inasmuch  as  the 
soil  blisters  and  is  moUow  on  top,  while  the  sulwoil  may  be  moist,  as  was  the  case 
where  this  sample  was  taken,  or  it  may  be  exceedingly  hard  when  it  liecotnee  dried 
out.  No  salt  was  visible  where  this  sample  was  taken,  neither  was  there  any  vegeta- 
tion of  any  kind.  The  soil  is  covered  in  late  winter  and  early  spring  with  about  6 
inches  of  water.  This  evaporates  early  in  the  season,  when  the  ground  becomes  dry, 
hard,  and  fl»iured. 

No.  SS. — Auguft  6,  1901,  on  the  Wild  Horse  Ranch,  near  Andrews,  Oreg.  The 
sample  was  taken  from  the  center  of  a  large  area  of  salt  grase  ( DMichlii  tpierUa) . 
The  soil  is  very  hard  but  has  no  salt  visible  upon  it.  The  grass  in  this  locality  was 
eovereil  with  a  gummy,  add  secretion.  This  does  not  appear  on  the  base  of  the 
culms  near  the  ground,  but  on  the  upper,  green,  and  vegetative  portion  of  the  plant. 
It  is  a  very  ]ieculiar  characteristic  of  salt  grass  over  large  areas  in  eastern  Oregon.  It 
was  met  with  first  ic  small  areas  at  Quinn  River  Crossing,  Nev.,  and  was  subse- 
quently observed  at  Divine's  ranch  on  the  edge  of  the  Alvord  Desert,  and  also  on 
the  Malheur  Lake  bottom  south  of  Bums.  The  secretion  has  a  gummy,  sticky  con- 
sistency under  ordinary  temperatures,  but  during  hot  weather,  when  the  samples 
were  collected,  it  deliquesced  very  readily  when  carried  in  a  vasculura.  The  presence 
of  the  secretion  is  very  noticeable  the  moment  one  attempts  to  walk  through  an 
area  of  grass  covered  with  it,  on  account  of  the  impediment  which  it  offers.  One'o 
clothing  soon  becomes  covered  with  the  gummy  substance.    The  areas  upon  which  it 
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Hppeani,  while  often  very  large,  havu  quite  definite  bountlaries,  and  one  area  may  lie 
entirely  free  from  this  aeeretion  while  another  in  clone  proximity  may  contain  lari^ 
quantities  of  it.  Xo  difference  was  obeen-ed  between  soil  tiharscteristics  of  the 
affected  and  unatteeted  areas.  The  largeat  quantity  of  deposit  and  the  largest  extent 
of  grass  affected  was  on  the  meadows  near  Andrews,  Oreg. 

No.  ?^.— August  7,  1901,  Wild  Horse  Rancli,  near  Andrews,  Or^.  Garden  soil 
irrigated  from  a  spring  of  pure  water,  •  located  on  ui  alkali  kuoll,  which  produced 
nothing  but  salt  grass.  The  garden  was  located  about  10  feet  lower  than  the  spring. 
A  black  crust  i^  often  j<een  on  the  ground  and  along  the  ditches,  but  in  spite  of  this 
ftmngly  alkaline  appearance  good  vegetables,  potatoes,  onions,  and  beets  were 
raiiKKl  on  the  soil, 

Xo.  A5. — AugTist  7,  1901,  Wild  Horse  Ranch,  near  Andrews,  Oreg.  This  is  a  aample 
of  a  black  deposit  from  the  edges  of  the  irrigating  ditch  carrying  water  spoken  of 
in  sample  24.     A  black  cnisty  deposit  appears  all  along  the  ditchee.  ■ 

No.  3«.— August  r,  1901,  Wild  Horse  Ranch,  near  Andrews,  Oreg.  Soil  from 
which  this  sample  was  taken  conlaineil  a  very  conMpicuous  growth  of  rayless  golden- 
rod  ( ChTijiolhamnus  grureolene)  with  alkali  grass  ( PitfcineU'm  iiiroidec)  and  salt  grass 
{Ditlicklia  njilftihi)  covering  from  two-thirds  to  three-fourths  of  the  ground  between 
the  bushes. 

No.  i'9. ^August  13,  1901,  Divine's  ranch,  1.5  miles  northeast  dl  Andrews,  Oreg. 
Sample  in  from  the  lowlands,  some  distance  from  the  Alvord  Desert.  Vegetation 
where  sample  wa«  taken  consists  of  small  cord  grass  {Simriiiui  gracUU)  and  some  salt 
grass  {Diftichlh  »picilfi).     There  was  a  sliftht  crust  of  salt  on  the  surface. 

No.  S3. — August  13,  1901,  near  Divine's  ranch,  on  swamp  meadow  belonging  to 
Manns  Lake  Ranch,  alxiut  20  miles  northeast  of  AndrewH,  Or^.  There  was  nu  veg- 
etation where  the  sample  was  taken.  There  wasathick  (one-fourth  of  an  inch) 
blii-tery  eniat  of  white  or  sometimes  yellowish  salt  on  the  surface.  The  soil  lielow 
thii"  was  black  or  hrown-blatk,  pasty  an<l  moisL  It  wsa  of  the  consistency  of  jmtty 
and  situated  some  distance  from  a  small  greasewood  area  on  a  swamp  meadow.  A 
small  packet  of  surface  salt  is  included. 

Nv.  .«.— August  13,  1901,  near  Divine's  ranch,  about  20  miles  northeast  of 
Andrews,  Oreg.,  on  a  swamp  meadow  belonging  to  Ttlenns  Lake  Ranch.  This  soil 
productil  from  2  to  2i  tons  of  hay  per  acn?  of  prairie  imlrush  (.Scirpiu  campetlru). 
It  was  very  hard,  dry,, and  bailly  cracke<l  (PI.  VII,  fig.  1),  This  sample  was  taken 
within  15  yards  of  sample  No.  32.  There  was  a  narrow  strip,  4  or  5  feet  wide,  of 
salt  grass  intervening  lietween  the  bare  area  where  No.  32  was  taken  and  this  line 
growth  of  the  bulrush. 

AV).  .W. — Augast  14,  1901,  Juniper  Ranch,  about  20  miles  north  of  Manns  Lake, 
Oreg.  Bofniy.  sedpj',  meadow  soil,  very  characteristic  over  large  areas  in  (his 
retpon.  Two  or  three  species  of  sedges,  a  little  clover,  and  moss  iMUStitute  the  prin- 
cipal vegetation. 

Xo.  -M.— August  15,  1901,  Malheur  Lake  bottoms,  near  Windy  Point,  Greg.  The 
sample  is  from  one  of  the  large  squirrel  tail  grass  (Honleum  jubatum)  areas  so 
characteristic  on  the  open  range  to  the  east  and  north  of  the  lake.  The  soil  is  [x>rous, 
dark  in  color,  and  has  the  appearance  of  being  rich  and  productive.  It  is  usually 
slightly  lower  than  the  surrounding  salt  grass  areas  and  is  often  spotted  or  even 
covered  with  a  dense  growth  of  raylesa  golden  rod,  with  which  the  squirrel  tail  gram 
is  mixed.     Where  the  sample  was  taken  there  was  no  vegetation  but  squirrel  tiul 


■  Analysi.s  of  a  sami>Ie  of  the  water  sulwequently  furnished  by  Foreman  Arthur 
Barnes  verifies  this  statement,  there  being  but  19.3  parts  solids  per  100,000.  The 
alkali  along  the  ditches  was  evidently  from  the  soil  between  the  spring  and  the 
cultivated  area. 
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No.  io. — August  17,  1901,  Malheur  Lake  bottoma,  Island  Ranch,  about  15  milee 
south  of  Bums,  Oreg.  Soil  where  awned  sedgb  (Carex  ariilata)  grew  to  the  ezclusiou 
of  all  other  vegetation.  This  appears  to  be  rich  soil,  and  certainly  produces  tuaguili- 
cent  crops  of  this  importaut  forage  plant 

Nil.  41. — August  17,  1901,  Malheur  Lake  bottoms,  Island  Banch,  about  15  miles 
south  of  Hume,  Oreg.  The  soil  from  which  this  sample  was  taken  produced  in 
restricted  areas  a  ton  to  a  ton  and  a  half  per  acre  of  yellow  top  ( (Mamagrontii  hyper- 
boreii  americajui).  The  localities  in  which  this  grows  are  usually  well  drained,  and 
occur  on  slight  elevations  immediately  surrouoding  the  depressions  where  water 
remains  until  about  the  middle  of  July. 

No.  4S.— August  22,  1901,  Agency  Ranch,  on  North  Fork  of  Malheur  River,  n«w 
Beulah,  Oreg.  Meadow  soil,  where  alfalfa,  timothy,  and  redtop  sown  last  spring  have 
made  a  tine  growth.     (See  next  sample.) 

No.  *^.— August  22,  1901,  Agency  Banch,  on  North  Fork  of  Malheur  Biver,  near 
Beulah,  Oreg.  The  soil  where  this  sample  was  taken  difiereil  but  little  in  appear- 
ance from  the  previous  one,  but  it  contained  no  forage  plants,  and  the  seeds  sown 
last  spring  failed  to  grow.  This  meadow  is  the  most  spotted  one  seen,  although  sim- 
ilar conditions  on  less  extensive  areas  are  frequent.  Small  areas  with  good  stands  of 
timothy,  redtop,  and  alfalfa  are  common,  while  a  few  feet  away  there  is  nothing  to 
be  found  but  a  weedy  development  of  a  couple  of  the  annual  ealtbushes,  mainly 
Alriplex  trutuxita,  and  one  of  the  western  blights  [Dondia  depreua  erecta).  In  some 
places  there  is  a  little  salt  visible  on  the  surface  of  the  bare  or  weedy  areas,  but  the 
Bubeoil,  to  all  appearances  at  least,  is  precisely  the  same  as  that  which  a  few  feet 
away  prodnees  a  good  stand  of  the  forage  plants  sown. 

No.  50. — Angnst23, 1901,  HarperRanch,  on  Malheur  River,  40  miles  above  Ontario, 
Oreg.  The  field  from  which  this  sample  was  taken  was  sown  laEt  spring  to  alfalfa. 
Over  the  greater  portion  of  it  a  fine  stand  was  secured,  but  in  one  oomer,  which  was 
considerably  lower  than  the  remainder  of  the  field,  water  collected  from  the  two 
irrigations  which  it  received.  There  was  no  alfalfa  whatever  here,  but  a  fine  vol- 
unteer crop  of  barnyard  gra«  (Panicum  cru»-gaili}  appeared  instead.  (PI.  XVI, 
fig.  1 . )     This  volunteer  crop  would  yield  about  2  tons  of  dry  feed  per  acre. 

PARTIAL   ANALT8ES  OF  SOIL  SAMPLES. 

The  followiDg  table  of  analyses  of  the  samples  of  soils  collected  on 
the  trip  and  the  remarks  thereon  were  kindly  furnished  by  the  Bureau 
of  Soils  of  this  Department: 
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Only  patUal  analyMS  are  glTcn,  since  tbef  are  mffldent  lo  detennlne  tbe  kind  and  nature  of  tha 
■oluble  lalla. 

Tbe  analrsea  ol  the  water  soluble  component  were  made  according  to  tbe  conrentional  formula 
adopted  by  the  Bureau  of  Sotli;  Chat  Is,  to  analyie  tbe  portion  taken  out  of  a  aall  by  water,  wben 
Ibe  Boll  fa  kept  In  contact  with  twenty  tlmn  its  weight  of  water  until  equllibrlom  has  been  reached. 

It  baa  been  found  In  tbe  eiperlence  ol  the  field  iiartle*  of  the  BureauofSoIlatbatO.Apercentof  aolu- 
blesaltstBadangerDUiamounCln  a  soil  If  there  be  uo  narbonalee  preaenl.  When  goluble  carbonatea 
an  present,0.4  per  cent  may  be  r^ardeda^the  limit  of  endurance  lor  cultivable  cK^.  Tbeae  limit! 
bare  been  established  by  tbe  nse  of  the  bridge  or  field  method  for  determining  soluble  material  In 
the  soil.  The  method  of  teaching,  such  as  has  been  tised  in  tbe  accompanying  analyses,  wilt  fre- 
qDentlyglre  higtier  figures  than  thc«e  staled  above  as  tbe  limiting  valoea  for  cultivable  plants. 

Itappeanbomlfr.  Qrlffltha'  notes,  together  with  tbese  analyses,  that  salt  grass  (i>MlcMu(plraM) 
Is  a.  black  atkall  plant.    This  t>ean  out  former  observatloos  and  work  of  ttie  staff  ol  the  Bureau  ot 


The  analyses  show  that  several  very  important  native  forage  plants 
grow  on  soil  which  is  decidedly  alkaline  and  which  would  in  all  proba- 
bility not  be  easily  brought  under  cultivation.  The  use  of  native 
species  of  plants  as  indicatoi-s  of-  fertility  of  soil  is  recognized  by  all 
ranchers  in  a  general  wa)'.  This,  however,  is  more  especially  true  of 
the  black  sage  than  of  any  other  plant.  It  is  universally  recognized  that 
soils  which  produce  luxuriant  growths  of  this  shrub  are  fertile  and  are 
especially  well  adapted  for  the  cultivation  of  alfalfa,  the  main  crop  of 
the  region.  On  the  contrary,  grease-wood  soil  is  seldom  cleared  up 
and  cultivated.  When,  however,  it  is  desirable  to  bring  the  latter 
under  cultivation,  it  is  said  that  timothy  is  the  most  certain  crop,  and 
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that  it  thrives  best  on  such  soil  with  frequent  light  irrigations  rather 
than  with  large  amounts  of  water  at  infrequent  intervals,  as  is  usually 
applied  to  alfalfa. 

The  analyses  of  samples  43,  44,  and  50  are  especially  instructive. 
It  will  be  seen  that  sample  43,  taken  where  seed  germinated  well,  and 
sample  44,  where  it  failed  entirely,  although  only  15  feet  apart,  differ 
conMidembly  in  the  amount  of  soluble  salts  which  they  contain.  This 
difference,  although  only  0.25  per  cent,  is  sufficient  to  place  sample  44 
in  the  class  of  .soils  containing  dangerous  amounts  of  alkali.  This 
analvrijs  also  shows,  as  far  as  the  analysis  of  a  single  sample  can,  that 
there  is  no  appreciable  difference  between  the  resistant  powers  of 
alfalfa  and  timothy,  although,  as  stated  above,  there  is  a  popular  belief 
that  such  is  the  ease.  Further  investigations  along  this  line  would  be 
profitable.  Sample  50,  on  the  contrary,  does  not  appear  to  contAia 
soluble  salts  iu  harmful  amounts,  although  a  stand  of  alfalfa  was  not 
secured  on  the  land  last  spring.  The  failure  here  appeared  to  be  due, 
as  was  suspected,  to  improper  drainage. 

FORAGE   PLANTS  GROWING   ON    ALKALINE    SOILS. 

The  following  table  contains  a  condensed  list  of  those  forage  plants 
which  were  found  gi-owing  in  soils  containing  soluble  salts  in  quantities 
sufficient  to  be  deleterious  or  dangerous  to  cultivat*?d  crops; 
Forage  plants  growing  in  alkaline  soi'i». 


.,  OivasewocKj  (Sarcobanis  vormlriilHlHBi 

.  Siill((ni«i(Dl»tlchUiisploat«l ...I 

.  AlkHliwccBlon  (SpornlMliwBiruiilfi)  

.  SaltimiwinWirmisBplMtal  j 

.  Alkali  gratv  (Piiccinvllia  alroidei').... -,..--.. - 

.  Snml]  rtinl  gmfV  (SpnrlEnii  trntH1f!4] 

.  Pnifrlf  bulnwh  iSi'IrpU"i'aia|wsliii.i 


HAin>iiiira  of  stock. 

As  is  inevitably  the  case  in  all  open-i-ange  stock  raising,  the  methods 
of  operation  are  rapidly  changing.  Where  a  few  years  ago  cattle 
were  almost  unprovided  for  during  the  entire  winter  and  were  taken 
from  the  range  directly  to  the  eastern  markets,  they  are  now  fed  from 
two  to  four  months  of  the  year  and  are  almost  invariably  fattened 
before  being  slaughtered.  This  change  is  being  brought  about  by 
two  causes  which  arc  very  intimately  related  to  each  other.  The  per- 
sistent home  seeker  has  explored  these  vast  arejis  and  taken  up  land 
under  his  rights  as  a  citizen  wherever  a  favorable  spot  appeared.  At 
the  present  time  the  tillable  areas  where  water  is  convenient  and, 
therefore,  under  conditions  of  nature  the  most  pi-oductive  in  the  unim- 
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FiQ.  1.— Grazed  N u tt all's  Salt bosm,  Westfall,  Oheqon. 

No  othtr  vegrwtioii  ■howii  Lii  foreground  i.'xi^.'|)l  onp  bunch  o[  ractus. 


Fta.  2.— Black  Saqe  (Artemisia  riqida)  grazed.  Westfall.  Oregon. 
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proved  condition,  have  been  made  the  basei)  for  ranches.  These  fav- 
orable areas  have  I'Otiaequently  been  cut  out  of  the  general  range 
source  of  supply.  The  second  cause  is  dependent  upon  the  first  and 
results  from  the  overstocking  of  the  range,  giving  the  cattle  but  little 
to  feed  upon  during  the  winter,  Thej'  theiefore  must  have  pi-ovision 
made  for  them.  In  portions  of  Montana.  Wyoming,  and  western 
South  Dakota  it  is  customary  to  fence  large  area-s  of  land  on  the  gen- 
eral mesa  or  prairie  in  order  to  protect  the  range  until  winter  sets  in. 
No  hay  is  cut  in  these  fenced  fields.  The  grass  simply  dries  up  in  the 
fall  and  the  cattle  graze  it  during  the  winter.  In  northern  Nevada  and 
southeastern  Oregon,  however,  the  fenced  areas  occur  on  the  bottom 
lands,  and  they  are  made  to  serve  the  double  purpose  of  furnishing  a 
crop  of  hay  during  the  summer  and  pasturage  during  the  winter. 
Indeed,  many  of  these  fields  were  being  pastured  while  we  were  in  the 
region  in  August.  But  more  will  be  said  concerning  this  later.  The 
reason  for  this  difference  iii  the  use  of  the  pastures  in  the  two  regions 
is  a  simple  one  and  results  from  local  and  natural  conditions.  The 
mountain  regions  as  a  whole  are  unsuitable  to  winter  pasturing,  and 
the  desert  mesa  in  this  region  furnishes  so  little  feed  that  it  scarcely 
pajs  to  fence  and  protect  it  during  the  summer.  The  only  available 
aources  of  pasturage  during  the  winter,  thei-efore,  are  the  bottom 
lands.  They  are  also  the  only  available  native  hay  lands,  and  are 
therefore  forced  to  furnish  both  winter  pasturage  and  hay.  The 
result  of  this  double  drain  upon  the  land  is  too  well  known  to  need 
any  extensive  comments.  The  result  is  just  what  one  would  expet-t — 
both  the  pasture  and  the  hay  crop  are  rendered  inferior  by  such  treat- 
ment. 

According  to  information  received  from  ranchers  scattered  all  the 
way  from  Winnemucca  to  Ontario,  the  feeding  -season  Ijcgins  about  the 
lat  of  Deceml>er  and  continues  until  the  last  of  March.  During  the 
remainder  of  the  season  the  cattle  "rustle"  their  living.  Full  feed- 
ing, however,  does  not  begin  until  after  Christmas.  From  this  time 
on  about  two-thirds  of  the  cattle  receive  a  full  ration  of  hay,  the 
remaining  third  finding  their  own  living  in  the  lowland  pastures  among 
the  tulc  (Scirpus  lacuntriif)  and  willows  and  in  other  localities  where  it 
was  impossible  or  unprofitable  to  run  a  mower  during  the  previous 
summer.  Of  course,  there  is  .some  growth  of  grass  on  the  meadows 
which  were  cut,  and  this  al.so  is  pastured  down  closely.  In  this  way 
all  cattle  are  provided  for  duiing  the  winter.  They  are  either  pastured 
in  the  fields  or  fed  hay,  as  their  condition  appears  to  demand.  I'siially 
the  steers  and  dry  cows  "rustle"  for  themselves  in  these  pastures;  but 
the  majority  of  the  cows  and  all  the  calves  are  fed,  the  paisture  herd 
being  continually  worked  over  during  the  winter,  for  the  purpose  of 
selecting  those  that  need  more  feed  than  they  are  able  to  secure  in  the 
meadows. 
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Sheep  are  usually  wintered  on  the  desert.  They  feed  at  thb  season 
to  a  very  large  extent  on  desert  shrubbery.  Being  able  to  subsist  on 
tiiia  kind  ot  a  ration  better  than  cattle,  renders  theoi  much  more 
easil}'  provided  for.  Indeed,  as  near  as  we  were  able  to  learn  from 
tlie  herders  and  ranchers,  sheep  receive  hay  for  from  only  two  to  four 
weeks  through  the  entire  winter  in  the  southern  portion  of  the  area 
traversed.  Being  able  to  subsist  on  even  tlie  black  sage  {Artemiaia 
trideniata)  for  a  few  days,  they  are  much  less  subject  to  loss  during  a 
season  of  severe  weather,  especially  as  they  have  a  herder  with  them 
constantly,  who  is  able  to  piove  them  from  place  to  place  and  thus 
secure  the  best  feed  available.  One  man  usually  takes  care  of  from 
2,000  to  3,000  sheep.  One  herder  in  the  White  Horse  Mountains 
informed  us  that  his  flock  was  never  fed  over  two  weeks  during  the 
winter;  others  placed  the  feeding  period  at  four  weeks,  while  we  were 
informed  at  Ontario  that  in  that  vicinity  they  were  often  fed  some  hay 
for  two  months. 

The  summer  feed  of  both  cattle  and  sheep  is  obtained  from  the  open 
range  on  the  foothills  and  mountains.  The  sheep  wintered  on  the 
deserts  begin  to  move  upward  as  soon  as  the  vegetation  appeai-s  in  tha 
spring.  They  follow  the  development  of  the  green  feed  from  the  foot- 
hills up  to  the  snowdrifts,  and  finally  work  their  way  down  again  "by 
easy  stages  when  autumnal  storms  begin  to  threaten.  The  sheep, 
being  close-herded,  clear  the  ground  over  which  they  pass  of  vegetation 
much  more  closely  than  the  cattle  which  run  at  large  with  practically 
no  care,  and  consequently  scatter  in  small  herds  of  six  to  twelve  ani- 
mals. This,  together  with  the  fact  that  sheep  eat  plants  that  cattle 
will  not,  constitutes  the  main  distinction  between  the  effect  of  cattle 
and  sheep  on  range  pastures.  If  allowed  to  run  at  lai^  as  cattle 
do,  and  consequently  scatter  in  small  flocks,  as  they  naturally  would, 
the  evil  effect  of  absolutely  cleaning  off  large  areas  by  close  grazing, 
and  the  pulverizing  of  extensive  tracts  of  ground  in  the  region  where 
they  tramp  in  closely  packed  herds  during  the  heat  of  the  day,  and 
still  more  etfectively  in  the  bedding-down  places  at  night,  would  be 
largely  overcome.  But  this  method  of  handling  sheep  could  not  of 
course  be  practiced  because  of  the  presence  of  dogs  and  wild  animals 
which  would  in  a  short  time  exterminate  the  flocks. 

The  cattle,  although  allowed  to  run  at  lar^e,  are  looked  after  to 
some  extent  during  the  summer.  They  also  are  kept  in  the  mountains 
as  much  aa  possible.  When  they  return  to  the  lowlands,  where  they 
were  fed  during  the  previous  winter,  either  on  account  of  short  feed  or 
the  sheep  herder's  dog,  they  are  forced  up  again  as  soon  as  their  num- 
bers on  the  lower  areas  become  at  all  conspicuous. 

The  feeling  between  the  "cattleman"  and  "sheepman"  is  here,  as 
in  the  majority  of  the  open  range  regions,  often  a  very  bitter  one. 
The  "sheepman"  having  a  herder  to  look  after  the  interests  of  the 
flock  has  a  decided  advantage  over  the  "cattleman,"  whose  interests 
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have  but  little  care  during  the  summer.  The  sheep  herder  claim- 
ing as  good  a  right  to  the  free  grass  of  the  range  as  anyone,  naturally 
drives  his  Qocks  where  the  best  feed  is  found;  and,  on  account  of 
the  necessity  of  securing  green  fodder  for  the  lambs,  he  travels  up  the 
mountains  in  the  spring  as  fast  as  the  feed  and  weather  conditions 
permit  and  returns  to  the  desert  areas  again  during  the  winter,  often 
close  to  the  possessions  of  the  ^'cattleman."  The  latter  claims  that 
on  account  of  his  owning  property  and  paying  taxes  for  the  support 
of  thfl*locaI  government,  which  the  sheep  owner  often  does  not,  he  has 
a  right  to  the  free  range  in  his  vicinity. 

The  greatest  difficulty  and  hardest  feelings  relate  to  the  migratory 
sheep  bands  which  come,  not  only  from  neighboring  counties,  but 
occasionally  from  neighboring  States,  and  deprive  the  settlers  of  the 
good  mountain  pastures  which  they  consider  belong  to  them  on  account 
of  their  rE^sidence,  their  holdings,  and  their  support  of  township  and 
county  governments.  The  sheep  industry,  in  the  southern  portion  of 
the  region  especially,  is  in  a  peculiar  condition.  All  of  the  water  on 
the  fertile  lowlands  was  taken  up  in  early  days  by  cattle  interests,  and 
the  cattlemen  looked  upon  the  use  of  the  mountains  for  grazing  pur- 
poses as  a  natural  right.  In  recent  years  sheep  have  been  driven  from 
great  distances  both  east  and  west  into  the  mountains  to  talfe  advan- 
tjige  of  the  luxuriant  pastures  of  blue  grasses  and  fescues.  Another 
element  entering  largelj'  into  the  controversy  is  what  is  denominated 
the  alien  sheep  interests.  It  is  said  that  a  very  lai^  proportion  of 
the  sheep  in  the  region  belong  to  Basques,  who  own  no  land,  and  who 
in  many  cases  are  not  citizens. 

THE  JLAXaZ. 

It  would  be  very  difficult  indeed  to  find  a  range  in  which  the  pasture 
zone.s  as  well  as  the  general  floral  areas  were  better  marked  than  they 
are  in  the  southern  portion  of  the  territory  covered.  The  vast  barren 
tracts  in  the  basins  are  bordered  by  the  allfali-inhabiting  vegetation, 
such  as  salt  grass,  greasewood,  and  others  of  similar  habits.  These 
give  place  beyond  to  shrubby  plants,  such  as  the  black  sage  and  the 
salt  sages,  described  elsewhere.  The  former  occupy  the  lower  por- 
tions of  the  general  mesa  regions  and  extend  into  the  foothills  and 
mountains.  The  prevailing  characteristic  of  the  foothills  and  moun- 
tain regions,  however,  is  the  presence  of  the  nutritious  grasses  which 
furnish  the  summer  feed  for  the  numerous  herds  of  cattle  and  sheep. 
While  the  species  of  grasses  in  this  region  are  numerous,  there  are 
about  four  which  furnish  the  largest  quantity  of  feed.  The  most 
important  of  these  is  Buckley's  blue  grass  {I*oa  huckleyiana),  which 
grows  at  the  lowest  altitude  in  the  foothills  and  extends  into  the 
mountains.  On  the  steeper  embankments,  rocky  slopes,  and  canyon 
sides  are  usually  found  large  quantities  of  Wheeler's  blue  grass  (Poa 
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wheeleri)  and  bunch  wheat  grass  {Agropyron  >ij»'catum).  Beyond  the 
blue-grass  zone  of  the  foothills  and  lower  mountain  areas  occur  the 
finest  pasture  lands  of  the  region.  These,  while  in  all  probabilit)- 
furnishing  no  more  nutritious  grass  than  the  foothills,  are  much  nioi'e 
attractive  and  in  some  respects  much  more  important  than  the  former, 
owing  to  the  fact  that  they  are  more  oft«n  free  from  shrubbery  and 
other  phtnts  with  little  oi'  no  for^e  value,  and  consequently  furnish 
a  larger  quantity  of  feed  per  acre.  This  is  the  sheep  fescue  area, 
and  this  important  grass  in  one  of  its  two  principal  varieties  grows 
often  to  the  exclusion  of  all  other  forms  of  vegetation. 

The  first  of  these  zones,  that  including  and  immediately  surround- 
ing the  barren  basin  bottoms,  is  greatly  modified  in  certain  localities. 
Wherever  there  is  a  smalt  valley  contributing  water  to  the  basin  or 
river  bottom,  the  general  alkalinity  of  the  region  has  been  neutralized 
by  the  beneficial  action  of  the  rich  sediment  brought  down  from  the 
mountains,  or  otherwise  counteracted  to  such  an  extent  that  the  soil 
has  been  made  very  rich  and  productive.  By  these  metho<ls  delta-like 
areas  have  been  built  up  in  the  lower  valleys  or  ravines  or  in  borders 
of  greater  or  less  width  along  the  river  courses.  It  is  in  these  areas 
that  the  ranches  of  the  region  are  built,  and  it  is  upon  them  that  the 
region  is  dependent  for  its  winter  feed,  consisting  sometimes  of  excel- 
lent but  often  verj-  ordinary  crops  of  native  hay  and  forage  plants. 
On  the  more  elevated  portions  of  the  lower  valleys  where  the  di-ainage 
is  good  and  where,  under  natui-al  conditions,  the  black  sage  {Artem  ivta 
tri(hnfata)  predominates,  is*  located  the  best  soil,  as  experience  has 
demonstrated,  for  the  culture  of  alfalfa,  the  main  cultivated  hay  crop, 
and,  indeed,  about  the  only  crop  of  any  kind  upon  which  nmch  depend- 
ence is  placed. 

One  may  therefore  recognize  three  typical  forage  zones  or  areas, 
namely:  Lowlands,  including  river  bottoms,  and  low  areas  in  basin- 
shaped  depressions  furnishing  winter  feed  in  the  shape  of  pasture  and 
hay,  but  more  especially  the  latter  at  the  present  time;  the  mesa, 
including  the  intermediate  zone  between  the  lowlands  and  the  next 
named,  furnishing  but  little  feed  except  browse,  its  main  resources 
consisting  of  shrubbj-  plants,  such  as  true  sages,  salt  sages,  white  sage, 
and  red  sage;  and  the  highlands,  including  the  foothills  and  mountain 
region,  which  furnishes  practically  the  entire  summer  pasture.  The 
general  appearance  of  some  of  the  lowland  areas,  with  their  character- 
istic vegetation,  are  shown  in  Pis.  II,  fi^,  2;  XIII,  tig,  2;  XIV,  fig.  2, 
and  XV,  figs.  1  and  2.  The  surface  soil  on  the  mesa  region  is  for  the 
most  part  uncovei-ed,  the  shrubbj-  vegetation  usually  being  much  scat- 
tered and  only  from  2  to  3  feet  high.  Some  idea  of  this  region  can  be 
gained  from  Pb.  I,  fig.  2,  and  III,  figs.  1  and  2,  It  may  be  a  bi-oad, 
gentle,  sloping  plain,  as  shown  in  the  firstiigure,  or  exceedingly  broken 
and  fissured  by  deep  ravines.  The  highland,  including,  as  stated  above, 
!x)th  foothills  and  mountains,  while  producing  a  much  larger  amount 
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of  feed  than  the  mesa,  has  by  no  meanjj  its  entire  surface  covered  with 
vegetation.  The  shrubbery  has  been  spoken  of  elsewhere.  The  black 
sage  (Artemisia  tridentata  and  A.  ai-buseula)  arrowing  in  scattered 
bunches,  have  here,  unlike  the  mesa  region,  a  considei-able  growth  of 
scattering  bunches  of  grass  between  them.  The  grasses  are  nearly  all 
of  the  perennial  varieties,  and  consist  mainly  of  blue  grasses,  sheep 
fescue,  and  wheat  grass,  all  of  which  grow  in  bunches  and  form  but 
little,  if  any,  tnrf.  Pis.  I,  fig.  1;  II,  fig.  1;  IV,  fig.  1;  V,  figs.  1  and  3; 
VI,  fig,  1,  and  XIII,  fig.  1,  give  fairly  typical  representations  of  the 
grazing  areas  on  the  uplands. 

A  careful  study  of  the  forage  plants  of  one  of  the  basins  of  this 
region,  with  an  equally  exhaustive  soil  study  covering  a  period  of  nine 
or  ten  months  and  extending  from  the  bottom  of  the  basin  to  the  top 
of  the  mountains,  would  prove  not  only  of  great  scientific  interest, 
but  would  undoubtedly  throw  very  important  light  upon  many 
features  of  the  forage  problems  as  they  exist  throughout  this  general 
region.  As  a  suitable  locality  we  might  mention  the  Alvord  Desert 
basin,  where  the  distance  from  the  desert  lake  bed  in  the  bottom  of  the 
basin  to  the  line  of  perpetual  snow  in  Steins  Mountains  is  not  too 
great  to  be  covered  on  foot  in  a  single  day,  while  extensive  deposits 
of  borax  are  located  in  the  same  depression  about  20  miles  away.  A 
thorough  correlation  of  soil  conditions  with  the  development  of  forage 
plants  could  be  easily  made  here  and  would  doubtless  apply  to  large 
areas  of  country,  A  study  of  the  conditions  best  suited  to  the  devel- 
opment of  the  characteristic  forage  plants  could  easily  be  made,  and 
the  r61e  of  the  shrubby  vegetation  in  the  economy  of  stock  raising 
could  be  accurately  determined,  a  point  upon  which  there  is  altogether 
too  little  accurate  information  at  the  present  time.  A  comparative 
study  of  the  native  clovers  upon  newly  irrigated  sagebrush  soil  and 
their  native  habitats  in  the  lower,  boggy,  and  almost  peaty  areas,  and 
the  rapidity  of  their  spread  into  newly  irrigated  areas  contiguous  to 
their  natural  habitats,  would  be  very  instructive,  A  comprehensive 
study  of  the  condition  under  which  these  valuable  forage  plants  develop 
to  the  beat  advantage  would  be  of  great  economic  importance. 
Whether  they  develop  best  when  growing  alone  or  in  combination 
with  more  rigid  plants,  which  assist  in  their  support,  and  the  quantity 
of  feed  which  they  produce  could  be  detei-mined  here  by  observation 
of  their  habits  under  natural  conditions.  No  better  locality  could  be 
selected  for  the  study  of  the  specific  distinction  of  two  of  the  valuable 
groups  of  range  grasses,  namely,  the  sheep  fescues  and  that  group  of 
blue  grasses  closely  related  to  Buckley's  blue  grass.  A  question  of 
much  economic  interest  to  this  region,  as  well  as  to  all  that  grazing 
area  to  the  south  aud  southeast,  relates  to  the  value  of  the  early  weedy 
plants  as  cattle  food.  A  knowledge  of  these  is  necessary— what  they 
are  and  to  what  extent  they  are  eaten  by  cattle  and  sheep.  But  little 
investigation  has  been  made  of  the  desert  ranges  in  spring  and  early 
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summer,  when  they  yield  much  feed  consistioff  of  short-lived  annual 
plants  differing  very  materially  both  in  kind  and  quality  from  the 
grasses  which  grow  at  this  season  in  regions  of  more  copious  and 
equable  rainfall.  It  is  well  known  that  Indian  wheat  {Plantago  fmd- 
gata),  NuttalPa  vetch  [Astragalus  nuttaUtt),  and  similar  weedy  plants 
play  a  very  important  part  in  the  economy  of  stock  raising  in  the 
deserts  of  the  Southwest.  Here  also  we  have  a  desert  range  which 
produces  a  lai^e  and  comparatively  abundant  crop  in  early  spring, 
forming  at  least  much  sheep  pasture,  concerning  which  but  little  is 
known  aside  from  the  information  derived  from  an  occasional  state- 
ment and  description  by  observing  ranchers.  These  are  some  of  the 
economic  questions  that  might  be  studied  on  local  representative  areas 
like  this  one.  The  purely  scientific  questions,  whose  bearing  upon 
practical  ones  seldom  can  be  properly  appreciated,  are  altogether  too 
Dumerous  to  be  considered. 

RANQE  CONDmONS. 

The  condition  of  the  lowland  pastures  and  meadows  has  been  briefly 
spoken  of  elsewhere.  These  areas  are  at  the  present  time  almost  invari- 
ably the  property  of  private  individuals,  and  consequently  under  their 
direct  control  and  management.  The  bottom  lands  which  still  remam 
open  to  settlement  are  so  situated  that  no  water  is  available  for  their 
irrigation,  the  control  of  water  in  the  streams  being  jn  the  hands  of  the 
owners  of  the  iirst  ranches  settled.  Inasmuch  as  the  supply  is  scarcely 
sufficient  for  the  use  of  these  first  comers,  there  is  no  inducement  to 
the  prospective  settler  to  take  up  the  other  open-range  bottom  land, 
although  it  may  be  equally  as  productive.  If  convenient  to  wat«r 
holes,  these  ai'eas  are  always  closely  grazed  and  present  a  very  unprom- 
ising appearance.  No  open-range  lowland  was  seen  on  the  whole  trip 
which  had  much  feed  upon  it  excepting  that  consisting  of  the  tough  and 
persistent  salt  grass.  Everything  else  had  been  cropped  closely.  In 
many  localities  cattle  wei-e  apparently  subsisting  on  this  grass. 

The  more  favored  and  protected  areas  undei'  private  control,  although 
altogether  too  closely  pastured,  fare  much  better  than  the  open  range. 
As  stated  before,  these  furnish  the  native  hay  of  the  i-egion  during  the 
summer  and  the  pasturage  of  the  strong  cattle  during  the  winter.  The 
principal  feed  is  found,  not  on  the  areas  actually  cut,  but  among  tii& 
willows,  along  ditches,  and  in  low  swampy  areas  which  remain  uncut. 
These,  although  usually  small,  amount  to  many  acres  in  the  aggregate 
on  seven  or  eight  square  miles  of  meadow.  The  shrubbery  and  tule 
(Scirpits  hicttstris)  also  furnish  shelter  during  severe  weather.  It  is 
needless  to  say  that  these  areas  are  taxed  to  their  full  capacity.  A 
piece  of  ground  from  which  a  crop  of  hay  is  removed  during  the  sum- 
mer will  not  usiially  maintain  its  productiveness  in  any  region  if  every 
particle  of  vegetation  remaining  is  pastured  off  during  the  fall  and 
winter  seasons.    It  is  only  under  conditions  of  the  most  favorable 
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supply  of  moistare  that  the  continued  yield  can  be  maintained.  No 
more  convincing  evidence  of  the  detenoration  of  these  meadows  in 
recent  yeara  was  found  on  the  whole  trip  than  that  furnished  on  the 
Alder  Creek  ranch,  at  the  base  of  Pine  Forest  Mountains.  Here  the 
native  hay  meadow  consists  of  an  elongated,  comparatively  narrow 
basin  extending  toward  the  desert  from  the  mouth  of  a  canyon  leading 
into  the  mountains.  The  remains  of  old  stackyards  were  found  for  5 
or  6  miles  down  this  meadow  from  the  ranch.  They  were  scattered  at 
short  intervale.  At  one  time  these  were  built  to  surround  stacks  of 
hay  cut  on  these  meadows,  but  they  were  all  unused  this  year,  except 
those  nearest  the  source  of  water  supply  from  the  canyon. 

The  shortage  of  the  native  hay  crop  hei-e  is  influenced  largely  by  the 
fact  that  the  water  has  been  used  up  in  late  years  in  the  irrigation  of 
alfalfa,  as  well  as  by  overstocking.  This  is  an  important  factor  in  the 
modification  of  the  conditions  on  all  of  the  native  hay  lands.  The 
water  has  been  turned  fi-om  its  natural  course,  and,  instead  of  irrigat- 
ing the  meadows  as  it  once  did,  it  is  used  to  a  large  extent  in  the  irri- 
gation of  the  land  which  is  situated  just  above  and  which  natui'ally 
produces  nothing  but  black  sage  {Artemism  tridentata).  The  pack- 
ing of  the  soil  by  the  trampling  of  large  numbers  of  cattle  during 
the  fall  and  winter  also  has  a  very  marked  influence  on  the  hay  crop. 
The  soils  are  as  a  rule  unusually  hard  and  stiff,  and  this  condition  is 
aggravated  by  the  constant  trampling  of  the  cattle.  One  practice 
decidedly  beneficial  is  the  feeding  of  the  hay  on  the  ground  which 
produces  it.  This  results  in  returning  the  manure  to  the  land  and 
compensates  in  a  measure  for  the  crop  taken  off.  The  fact  that  the 
meadows  have  poor  drainage  serves  to  keep  the  refuse  upon  the  land 
where  it  will  soak  into  the  soil  during  the  spring-flood  season. 

The  injury  to  the  mesa  from  overstocking  is  largely  local.  The 
shrubbery  is  usually  not  relished  as  much,  and  consequently  is  not 
grazed  as  closely  as  the  grasses.  The  most  conspicuous  desert  shrub 
is  the  black  sage  brush,  which  is  not  eaten  except  in  extreqie  cases, 
even  by  sheep.  The  spiny  saltbush  (Atriplex  confertifolia)  and  hop 
i&f^a  {G^rayia  apinom)  MHu&Wy  bear  evidence  of  browsing,  but  not  to 
any  injurious  extent.  The  greasewood  which  in  localities  is  even 
more  conspicuous  than  the  black  sage  is,  as  far  as  observed,  never 
injuriously  grazed,  the  main  use  that  stock  make  of  it  being  that  of 
licking  up  the  fallen  leaves.  This  is  true  to  some  degree  of  the  spiny 
saltbush  and  the  hop  sage,  but  these  are  also  browsed.  The  shrubby 
mesa  plants  which  have  suffered  most  from  overstocking  are  three  in 
number.  The  red  sage  (Kochia  ainericaim)  appears  to  be  always 
closely  cropped  during  the  winter,  although  not  eaten  to  any  extent 
during  the  summer.  Bud  sage  (Artemisia  xpinescens)  almost  invariably 
bears  evidence  of  cropping,  but  it  is  probably  eaten  much  more  exten- 
sively by  sheep  than  by  cattle.  The  value  of  white  sage  as  food  for 
both  cattle  and  sheep  is  well  known  and,  as  would  be  expected  in  a 
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region  of  such  short  pasturage,  it  is  very  much  injured  by  overgrazing. 
According  to  the  hest  information  we  were  able  to  get,  this  plant  fur- 
nished a  very  large  amount  of  feed  on  the  mesa  region  at  one  time, 
especially  to  the  south  of  the  Alvord  Desert.  The  only  place  where 
we  found  it  in  sufficient  quantity  to  be  of  any  great  value  was  in  the 
vicinity  of  the  upper  end  of  the  Black  Rock  Desert,  between  Leonard 
and  Hartlett  creeks.  It  is  common  enough  in  the  vicinity  of  Quinn 
River  Crossing,  but  either  on  account  of  close  grazing  or  drought  it 
made  but  little  growth  this  year.  As  seen  on  this  trip  the  plants  con- 
sist of  only  a  stump  and  a  few  shoots  6  to  10  inches  long.  Last  year's 
growth  was  invariably  completely  grazed  off. 

Inasmuch  as  the  hest  grazing  areas  are  on  the  highlands,  the  princi- 
pal interest  peitains  to  these.  Representative  areas  of  six  rang-ea  of 
mountains  were  carefully  studied  at  the  important  transitional  sta^  in 
the  history  of  all  i-anges,  when  the  gi-asscs  were  ripening.  This  proc- 
ess occurred  much  earlier  than  usual  this  year  according  to  the  most 
reliable  information  obtainable.  Special  trips  were  taken  into  the 
Pine  Forest,  Hartlett  Peak,  White  Horse,  and  Steins  mountains,  and  a 
spui-  of  the  Blue  and  liendire  were  crossed  on  the  regular  stage  route. 

With  the  curtailing  of  the  range  and  consequent  driving  of  the  open- 
range  business  into  the  more  inaccessible  and  rocky  areas,  over- 
stocking must  inevitably  follow.  This  condition  has  been  reached  in 
practically  all  the  open  ranges  of  the  coiintry,  but  more  interest  is 
attached  to  this  condition  in  those  regions  where  the  grasses  do  not 
form  a  sod,  as  is  the  case  with  the  one  in  question,  because  trampling 
and  close  grazing  result  in  more  speedy  and  permanent  injury  than  in 
the  sodded  regions.  To  say  that  the  southern  portion  of  the  region  is 
overstocked  would  be  putting  the  matter  very  mildly.  The  more 
Doithern  portion  over  which  we  traveled  was  in  better  shape.  The 
Bendire  Mountain  region  especially  had  exceptionally  good  feed,  and 
was,  as  a  whole,  the  best  range  which  we  saw  on  the  whole  trip. 
Portions  of  the  Blue  Mountains  were  also  in  very  good  condition.  In 
all  the  other  highlands  ovei-stocking  was  very  conspicuous.  The 
White  Horse  Mountains  were  being  pastured  by  sheep  the  .second  time 
this  season.  They  were  grazed  earlier  in  the  summer,  and  flocks  were 
being  driven  into  them  again  from  the  Disaster  Peak  country  when 
we  were  there  early  in  August.  One  herder  reported  that  the  latter 
place  was  all  eaten  out  and  that  he  moved  his  flock  in  oi-der  to  avoid 
trouble  with  other  hoi-ders  who  were  quarreling  and  disputing  over 
the  little  grass  left.  The  first  pasturing  had  left  the  range  short 
enough;  what  the  second  will  do  can  be  easily  imagined. 

The  most  uloscly  pastured  region  visited  was  Steins  Mountains. 
On  the  whole  trip  of  thi-ee  days  we  found  no  good  feed,  except  in  very 
steep  ravines,  until  we  reached  the  vicinity  of  Teger  Gorge.  On  8 
portion  of  the  trip  fi-om  here  to  Manns  Lake  there  was  a  good  stand 
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of  grass,  the  side  of  the  gorg«  and  the  area,  iainiediately  to  the  ea»t 
being  exceptionally  fine.  There  were  a  good  niany  cattle  in  the 
locality,  but  no  sheep  had  been  pastured  there  this  .season.  In  places 
from  Ankle  Camp  to  Nuttersville,  a  sheep  supply  camp,  there  was 
practically  no  more  feed  than  on  the  floor  of  a  corral.  We  passed 
two  areas  at  least  2  miles  in  extent  in  which  even  the  surface  of  the 
ground  was  reduced  to  an  impalpable  powder.  PI.  IV,  fig.  2,  taken 
in  the  Pine  Forest  Mountains,  shows  the  condition  of  the  surface  of 
the  ground  after  close  pasturing  by  sheep.  This  evil  effect  is  most 
likely  to  occur  in  the  sagebrush  and  oth.er  shrubby  areas,  mainly  on 
account  of  the  habits  of  the  sheep.  Fl.  V,  figs.  1  and  2,  illustrates  the 
point  in  question.  During  the  morning  the  animals  feed,  spreading 
out  over  more  territory  and  move  about,  while  during  the  heat  of  the 
day  they  get  as  much  shelter  as  possible,  hanging  their  heads  in  the 
shade  of  the  shrubbery,  if  such  is  available.  If  not,  they  bunch  up 
together  and  use  the  shade  furnished  by  the  bodies  of  the  other  animals. 
They  feed  and  move  around  but  little;  on  the  contrary,  remain  in  nearly 
the  same  place,  although  they  keep  their  feet  in  almost  constant  motion. 
This  movement  of  their  feet  on  tie  surface  of  the  ground  for  hours  at 
a  time  reduces  it  to  a  fine  powder.  The  illustration,  PI.  IV,  fig.  2,  is 
from  a  photograph  taken  with  the  camera  pointing  downward,  and 
covei-s  a  space  of  about  28  by  40  inches.  An  analysis  of  this  figure, 
which  is  typical  of  the  effect  of  close  sheep  grazing  in  all  of  the 
shrubby  areas,  will  show  two  species  of  plants  upon  the  soil — one  is  a 
lupine  on  the  extreme  left,  the  other  is  sheep  fescue  {Festuca  ofina), 
two  bunches  of  which  are  shown,  one  on  the  extreme  right  and  the 
other  a  little  to  the  left  of  the  upper  central  portion  of  the  figure. 
The  leaves  of  the  lupine,  a  plant  seldom  eaten,  are  seen  scattered  over 
the  surface  of  the  ground.  The  other  objects  shown  are  sticks  and 
pebbles. 

The  injury  to  the  open  grassy  areas  from  overstocking  results 
mainly  from  too  close  cropping,  which  exposes  the  bunches  of  roots  to 
the  direct  rays  of  the  sun,  and  deprives  them  of  the  beneficial  action 
of  the  accumulation  of  debris  from  previous  years,  hoth  in  protection 
from  excessive  beat  and  in  holding  moisture.  On  this  trip  we  crossed 
three  areas  of  this  gra.ss,  varying  in  extent  from  3  to  60  acres,  upon 
which  the  beautiful  pure  growths  of  sheep  fescue  were  completely 
ruined.  The  bunches  of  great  size  were  completely  killed.  PI.  IV, 
fig.  1,  shows  one  of  these  localities.  The  objects  in  the  foreground 
are  mainly  closely  cropped  bunches  of  this  beautiful  grass  which  under 
natural  conditions  stands  at  a  height  of  from  li  to  2  feet,  and,  although 
in  bunches  4  to  10  inches  apart,  the  abundant  and  graceful  culms  cover 
the  entire  surface.  Under  ruinous  pasturing  the  bunches  appear  to 
die  usually  from  the  center.  One  may  often  find  in  these  mountains 
a  narrow  green  ring  fringing  a  dead  center.     It  is  a  very  striking 
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characteristic,  aod  is  found  Id  many  places.  In  the  figure  referred  to 
above  the  grass  is  completely  killed. 

Sheep  fescue  produces  an  abundance  of  seed  and  is  easily  grown  in 
the  cooler  regions  of  the  United  States,  but  whether  it  will  reseed 
itself  readily  on  the  open  range  when  thoroughly  killed  out  over  a  cer- 
tain area  does  not  appear  clear.  Aa  far  as  we  know  there  are  no  definite 
observations  on  this  point,  but  judging  from  the  habits  of  the  grass, 
the  general  appearance  of  the  bunches,  and  observation  of  the  denuded 
areas  visited,  the  process  will  be  exceedingly  slow.  One  small  ruined 
area  visited  had  the  appearanceof  having  been  used  as  a  bedding-down 
place  about  two  years  ago,  and  evidently  had  not  been  pastured  since. 
Here  the  old  bunches  of  roots  needed  nothing  more  than  a  kick  to 
remove  them  from  the  ground.  There  appeared  to  be  no  evidence 
that  the  area  was  being  reseeded,  nor  that  other  permanent  vegetation 
was  taking  the  place  of  this  one.  It  appears  from  these  observations 
that  the  process  of  recuperation  when  once  the  grass  is  kUled  will  be 
exceedingly  slow. 

Some  statistics  obtained  from  Mr.  J.  M.  McKissik,  who  runs  a  camp 
in  the  mountains  to  supply  the  needs  of  the  herders,  show  the  enor- 
mous drain  that  is  made  upon  these  mountains  for  summer  pasture. 
According  to  his  statement  a  rough  census  was  taken  at  the  camp  a  few 
days  previous  to  our  arrival,  in  which  it  was  ascertained  that  there 
were  73  flocks  of  sheep  on  tlie  top  of  Steins  Mountains  at  that  time, 
each  flock  averaging  about  2,500  animals.  Conservative  estimates  of 
the  area  in  which  this  pasturing  was beingdone,  furnished  by  the  range 
I'iders  and  ranchers  familiar  with  the  region,  give  the  length  of  the 
area  as  50  miles  by  an  average  width  of  8  miles,  or  400  square  miles. 
Accepting  the  rather  low  average  of  2,500  animals  to  the  flock,  the 
figures  indicate  that  there  are  182,500  sheep,  or  over  450  animals  to 
the  square  mile.  According  to  Mr.  McKissik's  estimate  of  the  area, 
there  were  over  1,000  sheep  to  the  square  mile.  It  is  believed  that 
the  other  estimate  is  more  nearly  accurate.  The  seaaon  of  pasturage 
extends  over  fully  four  months,  and  at  times  from  four  and  a  half  to 
five,  depending  upon  the  advent  of  the  autumnal  storms.  Nor  is  tliis 
all.  It  must  be  remembered  that  there  are  cattle  ranches  located 
around  the  base  of  the  mountains.  Among  these  are  ranches  belong- 
ing to  the  French-Glenn  estate  and  the  Pacific  Live  Stock  Company. 
These  and  about  a  half  dozen  smaller  ranchers  run  their  cattle  into 
the  same  region  as  much  as  possible  during  the  summer  season.  With 
these  figures  before  ua  it  is  needless  to  say  that  feed  was  short,  and 
that  already  in  August  some  flocks  were  being  driven  onto  what  is 
known  ag  winter  pasture  on  the  lower  levels,  which  are  not  usually 
pastured  until  the  middle  of  October. 

The  shrubbery  plays  a  very  important  part  in  the  forage  supply  of 
the  mountains  also.  The  extensive  areas  of  cinquef  oil  {Dmipkorafruit- 
ocosa)  and  Indian  curi-ant  {Symphoricorpos  oreophilus)  are  invariably 
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defoliated  by  the  sheep.  It  was  difficult  to  find  a  twig  of  the  former 
large  enough  to  make  a  j^ood  herbarium  specimen.  Really  the  only 
shrubs  not  eaten  here  appear  to  be  mahogany  {Cercocarpus  ledifolitis) 
and  snowbush  {Ceanothita  velittinus).  Willows  are  always  trimmed 
up  as  far  as  the  sheep  can  reach,  and  the  poplar  {Populua  tremvloides) 
is  not  only  browsed,  but  the  young  trees  are  often  completely  girdled. 
There  are  two  other  planbj  which  might  be  classed  with  those  not  eaten 
by  sheep,  namely,  the  sages  {Artemisia  indentata)  and  A.  arbmculay 
to  which  should  be  added  the  long-leared  sage  (A.  cana)y  which  is 
abundant  in  some  localities  in  Steins  Mountains.  Even  the  wild  choke- 
cherry  {I^imis  emarginatus)  is  often  browsed.  The  poplar  thickets 
are  trimmed  up,  however,  by  both  cattle  and  sheep.  While  the  sheep 
actually  eat  leaves,  twigs,  and  bark  of  the  young  trees,  the  cattle  tramp 
through  the  groves  a  great  deal,  especially  in  fly  time. 

Being  familiar  with  the  destruction  of  the  surface  of  the  country 
in  the  deserts  of  southern  Arizona  as  a  result  of  the  removal  of  the 
vegetation  and  the  packing  of  the  surface  by  the  trampling  of  large 
herds  of  cattle,  a  constant  effort  was  made  to  ascertain  the  effect  of 
the  same  agencies  here.  The  conditions  in  this  region,  however,  with 
reference  to  soil  characteristics,  character  and  amount  of  precipi- 
tation, and  configuration  of  the  surface  are  very  different  from  those 
of  southern  Arizona;  and  the  effect  of  flood  waters  are  consequently 
by  no  means  identical  in  the  two  localities.  A  comparison  of  the  rain- 
fall of  the  two  r^ons  will  show  that  the  precipitation  at  Winnemucca, 
Nev.,  is  less  by  about  4  inches  per  annum  than  at  Tucson,  Ariz. 
This,  coupled  with  the  fact  that  the  summer  showers  are  much  less 
frequent  as  well  as  less  violent  in  the  former  than  the  latter  place, 
would  lead  one  naturally  to  infer  that  the  waters  would  be  much  less 
destructive.  The  real  mollifying  influence,  however,  is  not  to  be 
found  in  either  the  character  or  the  quantity  of  the  precipitation,  but 
in  the  soil  of  the  mesa,  where  the  destructive  action  is  the  most  pro- 
nounced. It  is  the  impervious  soil  that  always  washes  badly.  The 
surface  of  the  mesa  in  northern  Nevada  and  southeastern  Oregon,  as 
far  as  observed,  never  bakes  nor  otherwise  becomes  hard  and  imper- 
vious to  water,  as  do  those  lying  over  the  caliche  hardpansof  southern 
Arizona.  Here  the  hard  impervious  soils  are  found  on  the  bottoms 
in  the  basin-like  depressions  and  sinks  and  along  poorly  drained  river 
banks.  It  will  be  readily  seen  that  the  effect  of  erosion  would  be  to 
build  up  and  level  rather  than  to  cut  gorges.  It  is  not  meant  that 
there  are  not  notable  incidents  of  recent  erosive  action  here,  but  an 
attempt  is  made  to  show  tlmt  the  conditions  are  not  as  favorable  for  it 
and  that  it  is  insignificant  compared  with  the  same  phenomenon  on  the 
southern  deserts. 

Fire  has  a  direct  influence  upon  the  condition  of  the  feed.  Burning 
is  as  destructive  to  the  grass  of  the  range  as  to  the  trees  of  the  forest. 
Indeed,  it  had  sometimes  been  thought  in  more  extended  observations 
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OQ  the  prairies  of  the  Dakotas  that  tiro  is  really  more  injurious  than 
close  {^razing.  This  region  is  too  far  removed  from  railroads  to  have 
the  numerous  conflagrations  attributed  to  that  source.  It  can  be 
attributed  to  no  other  agency  than  that  of  ciiminal  negligence.  In 
traveling  from  Burns  to  Drewsey,  via  Silvies,  we  passed  over  areas 
where  six  sepamte  tires  had  raged  during  the  past  two  or  three  months. 
Two  or  three  of  these  were  in  progress  when  we  passed  through. 
In  every  mountain  range  visited  evidences  of  fire  were  found.  Even 
the  siiowbu.sh  {diiniithm  vdritivm)  was  burned  off  in  places  in  the 
vit-inity  of  Bartlctt  Peak  and  in  the  White  Horse  Mountains.  There 
appeared  to  be  good  evidence  that  the  one  in  the  former  area  was 
willfully  set  for  the  purpose  of  facilitating  the  movements  of  bands 
of  sheep  from  one  pasture  to  another.  This  evidence  was  cor- 
roborated by  at  least  six  individuals.  The  site  of  an  old  fire  in  the 
White  Horse  Mountains,  set  by  Indians  about  three  years  ago.  was 
very  interesting  from  both  scientific  and  economic  points  of  view. 
The  shnibbery  was  of  course  all  burned  off  and  a  little  of  it  was 
growing  again  from  the  stumps.  The  gras.sefl  showed  a  very  marked 
ditference  in  the  degree  to  which  they  .succumbed  to  the  effects  of  the 
fire.  The  fescues  appeared  to  be  all  killed,  while  the  Nevada  blue 
grass  was  growing  nicely.  Buckley's  blue  grass  withstood  the  lire 
better  than  the  fescues,  but  not  nearly  so  well  as  the  other  blue  grass. 
It  is  strange  that  more  care  should  not  be  taken  of  the  little  shrub- 
bery and  timber  that  exists  in  the  region.  It  is  with  the  greatest 
difficulty  that  the  ranchers  from  Winnemucca  to  Burns  are  able  to  get 
sufficient  wood  for  posts  and  fires.  On  many  ranches  poplar  and 
juniper  is  about  the  only  available  timber  for  fence  posts,  and  these 
must  be  hauled  from  30  to  50  miles.  Where  brush  and  wood  are  so 
scarce  and  mean  so  much  when  considered  from  either  standpoint 
of  immediate  use  or  that  of  consen'ation  of  moisture  and  protection  of 
soil,  more  care  should  certainly  be  exorcised  to  prevent  fires.  As  an 
example  of  negligence  we  might  mention  one  which  came  under  our 
direct  observation  while  en  route  between  Silvies  and  the  Calamity 
settlement.  On  reaching  the  headwaters  of  the  Calamity  drainage 
we  met  two  parties,  one  evidently  campers,  the  other  a  round-up  out- 
tit.  Farther  down  the  valley  we  discovered  a  locality  where  some 
party  had  camped  the  pre\aous  night.  They  had  built  two  fires,  one  . 
of  which  was  kindled  at  the  base  of  a  large  pine,  which,  at  the  time  we 
passed  it  at  9  o'clock  in  the  moming,  was  burning  vigorously  up  to  a 
distance  of  10  feet  above  the  ground.  It  is  true  that  the  whole  region 
had  been  burned  off  a  short  time  before.  There  was  consequently  do 
danger  of  further  destruction  excepting  to  this  one  tree,  but  the  same 
negligence  would  doubtless  obtain  under  other  circumstances.  It 
is  needless  to  say  that  the  winter  feed  was  completely  destroyed, 
and  that  it  will  take  both  grass  and  timber  many  years  to  recover 
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from  the  effects  of  this  ooe  fire.  It  appears  that  much  less  vigilaoce 
is  exercised  in  tiie  control  of  fires  in  this  region  than  in  the  pasture 
and  forest  lands  of  Montana  and  Wyoming,  due,  no  doubt,  to  there 
being  on  the  whole  less  combustible  material,  and  consequently  less 
probability  of  fire  spreading,  as  well  as  to  the  fact  that  the  country  is 
more  sparsely  settled,  and,  therefore,  the  interests  at  stake  are  less 
carefully  guarded. 

HAT   OBOFS. 

A  general  description  of  the  lowland  bay  meadows  has  already  been 
given.  It  remains  simply  to  give  a  brief  account  of  the  principal  hay 
crops,  their  quality  and  something  relative  to  the  methods  of  handling. 
Nothing,  is  more  evident  than  the  fact  that  the  yield  is  in  direct  pro- 
portion to  the  amount  of  care  and  the  amount  and  distribution  of 
water  which  the  native  meadows  receive.  The  quantity  of  hay  raised 
OD  the  different  ranches  is  enormous.  Its  quality,  however,  is  i-ather 
low,  for  there  is  mixed  with  it  oftentimes  large  quantities  of  wire 
grass  {Juneua  halticus),  squirrel  tail  {Ifordeiim  ji^ium),  tule  {Scirpua 
lacusti-in),  various  species  of  sedges  {Carex  sp.),  creeping  spike  rush 
{Eleochris  palustris),  and  other  plants  having  a  smaller  feeding  value 
than  the  majority  of  the  true  grasses  and  clovers.  Many  sedges, 
however,  produce  hay  of  very  fair  quality. 

The  methods  of  irrigation  of  the  native  meadows  are  very  primitive 
indeed.  The  waters  during  the  flood  season  are  held  on  the  land  as 
much  as  possible  by  the  aid  of  low  rough  dams  constructed  of  earth, 
brush,  or  refuse  material.  This  plan  floods  the  hay  areas  for  periods 
varying  from  one  to  three  or  four  weeks.  After  these  spring  floods 
pass  by  there  is  practically  no  more  water  for  the  native  hay  meadows 
until  the  advent  of  cold  weather,  when  the  lower  areas  again  become 
flooded,  and  remain  so,  in  some  caaea,  until  early  summer.  It  will  be 
readily  recognized  that  this  condition  is  not  conducive  to  the  develop- 
ment of  the  grasses,  but  furnishes,  on  the  contrary,  the  exact  environ- 
ment suited  to  the  growth  of  the  poorer  qualities  of  foi'age  plants 
mentioned  above. 

In  spite,  however,  of  the  natural  disadvantages  of  poor  drainage 
and  heavy  storking,  large  and  magnificent  crops  of  hay  are  raised  on 
some  areas  on  all  the  ranches.  The  best  hay,  when  both  quality  and 
quantity  are  considered,  is  probably  furnished  by  the  wild  wheat  or 
blue  stem  {Elymxia  triticoides),  which  furnishes  oftentimes  as  high  as 
2J  tons  to  the  acre.  Especially  fine  meadows  of  this  were  seen 
on  the  Humboldt  River  bottoms  at  Winnemucca  and  in  the  Quinn 
Eiver  Valley  at  Quinn  River  Crossing.  (See  PI.  XIV,  fig.  2.)  The 
best  quality  of  native  hay  is  doubtless  furnished  by  the  bunch  blue 
grass  {Foa  hmngata),  which  in  favorable  years  and  localities  makes  an 
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excellent  stand  and  furnishes  from  li  to  2  tons  of  hay  per  acre.  Next  in 
importance  to  these  two  grasses  should  be  mentioned  the  native  clovers, 
several  species  of  which  are  to  be  found  in  the  region,  but  the  most 
important  one  is  TrifoUum  involuci-atum  in  some  of  its  various  forms. 
Both  the  quality  and  quantity  of  the  hay  furnished  by  these  plants 
are  excellent.  They  grow  very  profusely  in  the  low  boggy  sedgy 
meadows,  and  very  naturally  improve  the  quality  of  the  native  hay  in 
these  situations,  which,  were  it  not  for  these  leguminous  crops,  would 
produce  little  aside  from  the  sedges  and  rushes.  Very  often,  a.s  was 
the  case  on  the  Divine  Ranch,  these  furnish  one-half  of  the  hay  on 
these  areas,  the  remainder  being  furnished  by  the  sedges  and  rushes. 
Occasionally  giant  rye  grass  {Jilymua  condenaatve)  is  cut  for  hay  on  the 
drier  bottoms.  It  makes  a  coarse  quality  of  f  oi-age,  and  its  main  use  is 
winter  pasturage.  (See  PI.  XIII,  fig.  2.)  The  following  list  of  forage 
plants  from  the  meadows  of  Quinn  River  Grossing  are  representa- 
tive and  give  a  good  idea  of  the  character  of  the  vegetation  on  these 
areas:  Sedges  (Oarex  lanuginosa,  C.  dtmglaaii,  and  C.  n^raskfffhsts); 
salt  grass  {Distichlis  spicata),  red  top  (Agrostw  aiha),  alkali  saccaton 
{Sporobol'us  airoides),  squirrel  tail  {Hordeum  jvhatum),  wild  barley 
{Sordeum  nodosum),  orchard  barley  {Sit<i7iion  longifoliuiTi),  wild 
wheat  {Elymu8  tritwoides),  giant  rye  grass  {Elymus  amd^-nsatus). 
slender  wheat  grass  {Agropyron  ienerum),  bunch  blue  grass  {Poa  Itei'i- 
gaia),  steel  grass  {Sporobolua  d^auperatus),  slough  grass  [Bechnantih 
eruaeformis),  beard  grass  {Polypogon  motispeliensis),  creeping  spike- 
rush  {Eleocharis  palustris),  inish  {Juncus  halticus),  prairie  bulrush 
{Scirpus  campestris),  tule  {Soirpus  lacustns),  clover  {TrifoUum  involu- 
cratum),  seaside  arrow  grass  {Triglochin  jnaritima),  cat-tail  {Typha 
latifolia). 

The  native  meadows  of  the  Malheur  Lake  bottoms  deserve  special 
mention.  The  principal  study  of  these  was  made  on  the  Island  Ranch 
between  the  forks  of  Silvies  River.  The  quantity  of  water  with  which 
these  areas  are  flooded  is  enormous  and  remains  upon  the  ground  for 
a  long  period.  Consequently,  the  sedges  and  rushes  develop  to  an 
astonishing  extent.  There  are  here  grasses  also  which  make  an  excel- 
lent growth,  (See  PI.  XV,  figs.  1  and  2.)  The  one  characteristic  above 
all  others  which  impresses  one  is  the  exceedingly  patchy  character 
of  the  vegetation  on  the  low,  level,  poorly  drained  bottoms.  The  most 
valuable  forage  plants  appear  to  be  the  wild  wheat  or  blue  steni 
{Elymus  triticoides),  prairie  bulrush  {Scirpiis  campestris),  sprangle  t»p 
{Scf/loc/Uoa  festueacea),  awned  sedge  {Carex  ariatata),  and  yellow  top 
{Cidamagrostis  hyperhora  mnmcana).  These  forage  plants,  together 
with  the  less  valuable  tule  {Scirpus  lacustris),  rush  {Juncus  ialticus), 
cat-tail  {Typka  1-atifolia),  creeping  club  rush  {Eleocharis  pavlstris). 
and  bur-reed  {Sparga?ium  eurycarpwn).  are  scattered  around  over  the 
bottoms  in  areas  of  variable  extent,  but  usually  in  patches  of  but  feff 
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rods  in  diameter,  or,  as  is  usually  the  case  with  the  yellow  top,  in  nar- 
row fringes  along  the  lower  areas.  Large  quantities  of  hay  consisting 
of  almost  pure  sprangle  top  and  prairie  bulrush  were  being  harvested 
on  the  ranch  when  we  were  there. 

The  cultivated  forage  plants  are  few  in  number.  As  in  all  the  arid 
West  where  irrigation  is  practiced,  alfalfa  is  found  to  be  by  fai-  the 
most  profitable  crop,  and  it  seems  especially  well  adapted  to  the  only 
tillable  soils  of  the  region,  namely,  the  lower  sagebrush  areas.  When- 
ever water  is  available  for  irrigation  the  sagebrush  lands  invariably 
raise  good  crops  of  this  important  forage  plant.  It  Is  in  the  northern 
portion  of  the  region  covered  that  it  is  raised  most  extensively  and 
profitably.  One  field  near  Ontario,  Oreg.,  was  pointed  out  to  us  as 
having  raised  last  year  10  tons  per  acre  in  three  cuttings.  It  was  an 
uDUSuaUy  fine  field,  and  care  had  been  taken  to  get  a  good  even  stand. 
(See  PI.  XIV,  fig.  1.)  Judging  from  the  comparative  appeai'ance  of 
other  fields  in  the  vicinity,  6  tons  per  acre  would  be  a  fair  average 
for  the  region.  Farther  south,  where  water  is  less  abundant  and  only 
two  cuttings  are  made,  3  or  4  tons  would  be  a  good  average.  Here  con- 
siderable growth  occurs  in  the  fall  after  the  second  cutting  is  made, 
but  this  is  usually  pastured  off  by  cattle  which  are  turned  into  the 
fields  during  the  winter.  In  this  way  the  alfalfa  fields,  as  well  as  the 
native  hay  meadows,  furnish  both  hay  and  winter  pasture. 

Kedtop  {Agrostie  alba)  is  widely  introduced  in  the  basins  of  Nevada 
and  Oregon  and  often  furnishes  large  quantities  of  hay  and  pasture  on 
the  low,  moist  bottoms.  It  is  of  more  importance  from  the  Alvord 
Desert  region  north  than  it  is  farther  south.  The  first  place  whei-e  we 
saw  a  good  stand  of  it  was  ou  the  Diviue  ranch. 

Timothy  is  being  more  widely  introduced  in  recent  years  and  is  said 
to  withstand  the  alkalinity  of  the  soil  better  than  any  other  forage 
plant  known  to  the  ranchers  of  the  region.  Instances  were  cited  to  us 
of  successful  stands  having  been  obtained  on  soil  which  produced 
Dothing  but  greasewood.  In  some  places  on  the  Divine  ranch  there 
were  fine  crops  of  it.  In  one  field  the  hay  consisted  of  about  equal 
quantities  of  timothy,  redtop,  and  native  clover,  a  most  excellent  com- 
bination for  a  good  quality  of  hay.  Mr.  Divine  reported  that  the 
clover  had  "come  in"  of  its  own  accord,  and  that  the  redtop  in  this 
particular  field  was  the  result  of  having  fed  redtop  hay  which  was 
hauled  in  from  a  small  ranch  established  in  early  days  farther  down 
the  valley. 

METHODS  OF  HANDLING  HAT. 

The  methods  of  handling  hay  crops  are  certainly  unique  and  in 
thorough  keeping  with  the  extensiveness  of  all  the  operations  con- 
nected with  stock  raising  in  the  region.  The  many  appliances  used 
permit  of  handling  the  crop  to  the  best  advantage  and  with  the  least 
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possible  expense.  On  the  majority  of  the  ranches  practically  all  of 
the  work  is  done  by  machinery.  There  are  some,  however,  who  pur- 
posely sacrifice  speed  and  manual  effort  in  the  handling  of  alfalfa, 
especially,  to  enable  them  to  gather  the  crop  with  less  loss  than  by  the 
use  of  machinery,  but  more  will  be  said  regarding  this  feature  later. 

In  harvesting  a  crop  of  haj'  a  crew  of  from  sixteen  to  thirty  men  i-j 
employed  to  attend  to  the  various  operations  of  mowing,  stacking, 
bucking,  net  tending,  hoisting,  sickle  grinding,  and  blacksmithing 
during  the  entire  haying  season,  which  lasts  from  two  to  three  months. 
Plfl.  VIII.  figs.  1  and  %  IX,  figs.  1  and  2,  and  X,  fig.  2,  show  some  of 
the  machinery  used  in  stacking  or  piling  up  the  hay,  as  the  process  is 
often  very  appropriately  called,  in  actual  operation  on  the  ranches  in 
eastern  Oregon.  Probably  the  most  rapid  method  of  any  in  vogue  is 
that  known  as  the ' '  slide  "  method,  which  is  employed  only  on  the  largest 
ranches  where  native  hay  is  the  predominating  crop.  A  "  slide  "  consists 
essentially  of  a  huge,  strongly  built  inclined  plane.  The  hay  is  brought 
up  to  the  base  of  the  plane,  usually  by  a  four-horse  buck,  and  deposited 
in  a  net,  to  which  is  fastened  a  cable  stretched  over  tie  top  of  the  plane 
and  the  entire  stack.  The  other  end  of  the  cable  is  attached  to  the 
fore  truck  of  a  wagon,  to  which  is  hitched  a  four-horse  team.  When 
tJie  load  has  been  drawn  up  and  discharged  in  the  proper  place  on  the 
stack,  the  net  is  drawn  back  to  the  base  of  the  plane  again  by  a  single 
horse,  readjusted,  and  reloaded.  The  four-horse  buckload  will  average 
about  one  ton  of  hay,  and  a  load  will  be  run  onto  the  stack  once  in  six 
to  eight  minutes  when  the  machinery  is  in  good  working  order.  PI. 
Vm,  fig.  1,  shows  the  process  of  stacking  by  the  use  of  this  machine 
in  actual  operation  on  the  Island  Ranch,  near  Burns,  Greg.  Another 
method  more  extensively  employed  than  the  "slide"  is  represented  in 
PI.  IX,  fig.  1.  This  is  very  similar  to  the  former,  differing  from  it 
only  in  the  substitution  of  a  derrick  for  the  slide.  The  bucks  and  net 
are  used  in  both  cases,  but  their  capacity  is  usually  smaller  than  those 
operated  by  four  horses  instead  of  two.  Where  the  gi-ound  is  very 
rough  a  drag  buck  is  substituted  for  the  wheeled  one  In  ordinary  uge. 
PI.  X,  fig.  2,  illustrates  one  of  the  large  four-horse  bucks — the  smaller 
ones  differ  but  little  except  in  size. 

Both  of  these  processes  are  best  adapted  to  the  handling  of  native 
hay,  which  is  not  much  injured  by  rough  treatment.  The  bucks  are 
especially  hard  on  alfalfa,  one  of  the  most  difficult  hay  crops  to  cure 
and  handle  properly.  With  rough  treatment,  such  as  it  is  certain  to 
receive  when  bucked  to  the  stack,  the  friable  leaves,  the  most  valuable 
part  of  the  plant,  are  almost  certain  to  be  largely  broken  off.  To  obvi- 
ate this  very  decided  objection  many  of  the  ranchers  discard  the  bucks 
entirely  in  handling  the  alfalfa  crop  and  haul  the  hay  to  the  stack  in 
wagons.  It  is  then  unloaded  by  means  of  a  derrick  or  tripod  arrange- 
ment and  a  Jackson  fork,  as  shown  in  Pis.  VIII,  fig.  1,  and  IX,  fig.  2. 
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Fia.  1  .—Stacking  Alfalfa  with  a  Derrick,  Harper  Ranch,  near  Westfall,  Oreqon. 


Fio.  2.— Stacking  (• 
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la  this  way  the  leaves  ai-e  saved  and  the  most  difficult  part  of  the 
manual  labor,  the  transfer  of  the  hay  from  the  load  to  the  stack, 
is  still  accomplished  by  the  use  of  machinery.  Another  very  decided 
disadvantage  of  the  "slide"  method  results  from  the  difficult}-  of 
making  the  stacks  waterproof.  Of  course  thia  tan  be  accomplished, 
but  when  a  ton  of  hay  is  dropped  in  one  place  on  the  stack  and  similar 
quantities  are  put  up  at  such  short  int«r\'al3,  the  stackers  do  not  usually 
work  it  over  3oaa  to  make  the  mass  of  uniform  density.  The  consequence 
is  that  there  are  places  in  the  stack  that  are  not  well  packed.  When  the 
hay  settles  "  holes  "  occur,  allowing  the  rain  water  to  drain  into  the  stack. 
This  would  not  be  of  so  much  importance  if  all  of  the  crop  were  fed 
the  year  it  is  cut,  but  thia  is  often  not  the  case.  Much  hay  is  some- 
times held  over  to  be  fed  the  subsequent  year.  It  is  needless  to  say 
that  if  not  properly  stacked  it  deteriorates  veiy  much  in  value.  Some 
of  the  last  year's  stacks  of  native  hay  put  up  by  this  method  which  we 
examined  were  at  least  one-half  ivstten  or  moldy,  while  alfalfa  stacks 
carefully  put  up  by  the  derrick  method  had  deteriorated  but  little, 
although  native  hay  can  bemade  to  shed  water  much  easier  than  alfalfa. 
All  of  the  bay  raised  is  for  home  consumption  and,  in  practically  all 
cases,  is  fed  in  the  same  fields  where  harvested.  This  is  due  not 
only  to  the  good  price  of  beef,  mutton,  and  wool,  but  also  to  the  pro- 
hibitive transportation  tariffs  and  long  distances  from  market. 

SANS  Bnn>EB8. 

All  plants  growing  on  sandy  lands  which  are  shifted  by  winds  act 
as  sand  binders  and  prevent,  to  a  greater  or  less  extent,  the  movement 
of  the  sands.  If  a  plant  grows  on  such  areas,  therefore,  it  is  to  some 
degree  a  soil  or  sand  binder,  and  whether  valuable  as  forage  or  not,  it 
serves  a  useful  purpose  in  presei-ving  the  surface  of  the  land  intact 
until  it  shall  have  become  stable  enough  to  support  other  and  less  per- 
sistent vegetation.  The  appellation,  sand  binder,  is  therefore  one  of 
degree  rather  than  of  kind,  although  usually  applied  to  those  plants 
which  have  a  means  of  efficient  propagation  enabling  them  to  develop 
rapidly  and  furnish  a  protective  soil  cover  in  regions  where  the  con- 
figuration of  the  surface  is  easily  disturbed.  The  two  first  named 
plants  may  be  classed  as  true  sand  binders.  The  others  perform  some 
service  in  this  respect,  but  they  have  no  special  means  of  propagation 
which  enables  them  to  draw  upon  the  moisture  and  fertility  of  the 
deep-lying  strata  and  at  the  same  time  extend  the  area  over  which 
they  grow  rapidly  during  dry  weather. 

Pboralba  (PgoraUa  pur»hii). — This  plant,  although  it  does  not  growonsoils  which 
change  their  poratione  as  rapidly  as  the  nest,  is  atill,  on  account  of  its  abundHnce  in 
very  sandy  soil  and  under  very  adveree  conditions,  the  most  important  aoil  binder 
of  the  region.  Many  large  areae  are  to  be  found  in  northern  Nevada,  eapecially  in 
the  vicinity  of  Wiiinemucca  and  on  the  narrow  strips  of  sandy  land  which  are  usu- 
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ally  found  in  the  vicinity  of  the  basin-ehaped  depreedona  described  elsewhere,  which 
have  very  little  vegetation  aside  from  this  plant 

Dblba  [Delea  kingii). — On  the  sand  hills  about  20  milee  north  of  Winnemacca, 
this  is  the  only  plant  which  ie  able  to  suetain  itself  in  rapidly  shifting  sands.  It 
umially  grows  sparingly  but  evenly  over  large  areas,  propagating  rapidly  by  its  lone 
slender  reddish  rootstocke,  which  may  be  easily  palled  ap  out  of  the  loose  saad 
through  which  they  ramify.  The  spinescent  branches,  the  yellowish-green  colomtion 
<A  the  leaves,  the  reddish  rootstocks,  and  the  purple  flowers  give  this  plant  a  very 
characteristic  and  striking  appearance  as  it  spreads  over  freshly  formed  hillocks  and 
monnds  of  sand. 

Tetradymia  ( Tetradi/mia  comota). — lArge  bushes  of  this  were  found  in  abundance  in 
the  same  vicinity  as  DaUa  kinffii.  Almost  invariably  they  were  situated  upon 
mounds  or  half  buried  in  the  sand,  indicating  that  the  soil  had  been  removed  from 
the  surrounditw  areas  or  had  been  piled  on  top  of  the  plants.  PL  VII,  fig.  2,  illos- 
tratea  the  effectiveness  of  this  plant  in  preventing  the  sands  from  drifting, 

MosB  {TorhUa  niraiic?).*— It  is  with  considerable  hesitancy  that  a  mosaia  recorded 
as  a  sand  binder,  but  that  this  species  serves  this  useful  purpose  over  quite  extensive 
areas  in  northern  Nevada  and  eastern  Oregon  is  perfectly  apparent  to  anyone  viutiag 
the  region  between  June  and  October.  This  small  plant  does  not  grow  over  the 
entire  mesa,  hut,  on  the  contrary,  is  confined  to  circumscribed  areas  immediately 
beneath  and  immediately  surrounding  shrubby  plants,  such  as  black  age,  spiny 
saltbush,  tetradymia,  and  the  shad  scale.  Its  period  of  growth  is  evidently  late 
winter  and  early  spring,  at  which  time  it  forms  a  complete  covering  for  the  groand. 
When  conditions  of  drought  appear  it  dries  up  completely,  and,  while  easily  removed 
from  its  poaition,  it  forma  mate  which  catch  the  aand  that  blows  into  it,  and  serves 
ID  this  way  to  enlarge  the  small  mounds  which  appear  surroundii^  the  desert  shrub- 
bery. Every  area  of  this  plant  examined  was  almost  completely  imbedded  in  sand. 
That  it  grows  in  this  way  is  not  at  all  likely,  because  an  abundance  of  leaves  were 
always  found  below  the  surface  of  the  aand,  indicating  that  the  plant  had  been  cov- 
ered after  the  advent  of  dry  weather  in  late  spring  and  early  aummer. 

Besides  the  plants  mentioned  above,  many  others  might  be  Darned 
in  this  connection.  The  sandy  area  on  the  south  and  east  of  the 
Alvord  Desert  in  southern  Oregon  showed  a  very  marked  influence  of 
some  of  the  common  desert  shrubs  upon  shifting  sands.  Among 
plants  which  acted  as  sand  binders  in  this  locality  and  were  almost 
invariably  found  iu  hillocks  of  sand  may  be  mentioned  the  spiny  salt- 
bush,  shad  scale,  and  the  black  sage. 

WEEDS. 

It  will  be  noticed  that  this  short  account  gives  special  prominence 
to  native  plants  which  occur  to  such  an  extent  as  to  be  classed  weeds. 
This  is  not  at  all  to  be  wondered  at  in  a  region  so  little  improved  as 
the  one  in  question,  and,  in  a  region  where  the  preponderance  of  the 
crops  on  both  pasture  and  hay  lands  are  harvested  on  the  untitled 
ground,  and  consist  of  native  plants  which  receive  no  other  care  than 
that  of  harvesting.  Under  conditions  where  the  pasture  and  hay 
lands  are  taxed  to  their  full  capacity,  the  fact  that  some  plants  which 
are  not  relished  by  cattle  increase  to  an  unsightly  or  even  alarming 

'Determined  by  Mi's.  E.  G.  Brilton. 
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FiQ.  1.— A  Hay  Camp,  Island  Ranch,  malheuh  Lake  Bottoms,  Oheqom. 


Fig.  2.— Loaoeo  four- morse  Suck,  Malheur  Lake  Bottoms,  Oregon. 
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extent  is  oot  at  all  surprising.  No  attempt  ia  made  to  give  a  complete 
weed  list  for  the  region,  but,  on  the  contrary,  only  those  are  enumer- 
ated which  interfere  with  the  growth  of  for^e  crops.  Even  some  of 
these  are  valuable  forage  plants  in  themselves,  but  they  are  listed  here 
because  of  their  persistency  or  their  frequent  occurrence  in  ground 
aown  to  other  forage  crops  or  in  localities  which,  were  it  not  for  their 
presence,  would  yield  more  valuable  feed. 

The  number  of  plants  recorded  in  this  connection  might  be  greatly 
extended  by  accepting  a  more  liberal  interpretation  of  the  meaning  of 
weed  and  by  an  enumerati(?n  of  the  less  harmful  ones.  Such  plants 
as  wire  grass  {Juneus  halticiis),  which  produces  a  very  poor  qualitj'  of 
hay,  mint  (Mentha  canadensis),  and  heliotrope  (/leliotropium  cur'as- 
snvicum)  grow  in  great  profusion,  but  they  develop  only  in  places  and 
under  circumstances  where  nothing  else  will  grow.  They  therefore 
serve  the  useful  purpose  of  furnishing  a  soil  cover  after  the  flood 
water  disappears,  and  some  of  them  even  furnish  a  poor  quality  of 
feed.  The  plants  which  interfere  in  native  meadows  are  few  compared 
with  those  which  are  troublesome  in  alfalfa  meadows.  Here  under 
the  stimulus  of  too  superficial  cultivation  they  receive  a  great  inipetas, 
and,  under  unfavorable  conditions  for  the  development  of  the  culti- 
vated crop  they  interfere  with  its  growth  and  very  materially  reduce 
the  value  of  the  hay  and  the  pasture. 

Dkath  weed  (/mi  axUlaru). — Thie  ie  undoubtedly  one  of  the  most  pereietent 
weeds  in  northern  Nevsdti  and  eouthem  Oregon.  It  grows  very  profusely  in  low 
alkaline  meadows  and  pastures.  In  many  places  where  pasturing  has  been  carried 
to  excess  it  forms  a  complete  covering;  lor  the  ground,  and  often,  as  was  the  case  on 
lai^  areas  in  the  Quinn  River  Valley,  no  other  plants  grew  with  it.  It  is  also  at 
times  a  very  bad  weed  in  cnltivated  lands,  and  in  such  cases  interferes  very  materi- 
ally with  the  crop.  Its  habit  of  propagation  by  creeping  rootstocks  renders  it  a 
very  difficult  plant  to  eradicate.  Witii  thorough  cultivation,  however,  no  serious 
apprehension  need  be  had  concerningit,  as  in  ground  thoroughly  plowed  and  cultivated 
each  year  it  soon  disappears.  It  gives  the  greatest  amount  of  trouble  in  land  which 
ie  only  partially  subdued,  such  as  the  lower  sage-brush  areas.  In  this  region  of 
BCanty  rainfall,  where  alfalfa  is  about  the  only  cultivated  crop  raised,  and  where  it 
ie  by  far  the  best  paying  crop,  the  rancher  is  liable  not  to  thoroughly  prepare  the 
ground  for  its  reception.  Very  often  a  sage-brush  area  is  cleared  up  and  sown  to 
alfalfa  with  no  other  crop  preceding  it.  In  such  cases,  as  will  readily  be  seen,  the 
ground  is  not  thoroughly  prepared,  and  this  weed  as  well  as  many  others  will  persist 
in  the  soil  to  the  detriment  of  the  crop  for  several  years. 

Sdnplowek  {Hdianthur  annuuB). — This  widely  distributed  weed  frequently  intei^ 
feres  very  materially  with  the  development  of  the  fotage  crops,  especially  in  the 
newly  broken  bottom  lands  or  rebroken  pastures  and  meadows.  Its  development 
was  especially  abundant  on  the  ranch  of  J.  S.  Divine,  also  in  certain  localities  on  the 
Malhenr  Lake  bottoms.  On  Mr.  Divine's  mnch  it,  together  with  the  horsetail 
spoken  of  below,  formed  about  one-third  of  the  crop  of  giaiu  hay. 

HoBSETAiL  {EqaiMtum  TobiiMiini). — This  is  often  pointed  out  as  a  vile  weed,  hut  it 
seldom  does  much  damage  where  land  is  properly  treated.  In  localities  where  it 
was  noticed  this  year  the  land  had  been  overirrigate<l  and  poorly  cultivated. 

Blue  flao  {IrumMouriengu). — Large  areas  of  this  are  found  in  the  mountain 


db,Google 


40      FORAGE  CONDITIONS  ON  MOETHEBN  BOBDEB  OF  GREAT  BASIK. 

meadows  and  especially  in  depressiooa  and  "draws,"  which  faniiBh  large  qvuintitiea 
of  teeiipConaiatingot  native  clovers  and  sedges.  It  seems  never  to  beeaten  by  either 
cettit?  or  aheep,  and  forms  a  very  eonspicuous  weed  in  the  localities  mentioned. 

McsTARn  (Sophia  pinnala).— In  southern  Oregon  this  appeared  to  be  the  woret 
weed  in  alfalfa  meadows.  At  Dento  the  alfalfa  hay  with  which  our  horses  were  fed 
at  the  livery  stable  consisted  of  at  least  one-half  of  this  plant.  While  this  was  the 
worst  case  seen,  it  was  very  commonly  found  in  large  quantities  in  the  alfalfa  hay 
tliPouKhout  the  region.  To  the  north  and  south  of  this  place,  however,  less  of  it  was 
observed. 

Lbttdcb  ( iMducn  »corit)ta).— This  was  not  prominent  enough  to  attract  any  atten- 
tion until  we  reached  the  headwaters  of  the  Klalheur  Itiver.  From  here  on  to 
Ontario  it  steadily  increased  in  quantity.  It  was  especially  abundant  in  alfalfa 
meadows  in  the  lower  course  of  the  Malheur  River.  Several  fields  were  seen  in  the 
vicinity  of  Vail,  in  which  this  plant  grew  about  as  thick  as  it  could  well  stand  and  as 
high  as  one's  head. 

Wild  oats  {Arena  fahia). — This,  like  the  previous  species,  attracted  no  attention 
until  we  reached  the  headwaters  of  the  Malheur  River.  It  wae  common,  however, 
all  along  the  trip,  hut  not  of  so  much  consequence  in  this  region  as  where  small  grains 
are  grown.  There  may  be  large  quantities  of  it  in  alfalfa  fields,  but  it  is  usually  cut 
at  such  a  time  as  to  make  very  good  feed,  and  thus  every  cutting  tends  to  clear 
the  land  of  it.  In  as  much  as  alfalfa  is  cut  often  the  oat  doee  not  have  lime  to  mature 
its  seed. 

Bql'IRrbl  TAIL  (Hfyrdeiim  juboluw,). — This  is  probably  the  most  persistent  and 
troublesome  weed  which  inhabits  native  meadows.  When  it  occurs,  as  is  often  the 
case,  in  hay  land,  the  quality  of  the  feed  is  very  decidedly  reduced  by  its  presence. 
In  this  condition  it  is  not  relished  by  stock,  and  when  forced  to  eat  it  they  often 
become  emaciated  and  their  mouths  become  sore  on  account  of  the  accumulation  of 
the  beards  between  the  teeth.  However,  aaatated  elsewhere,  it  isnot  wholly  a  weed, 
for  it  often  forma,  with  proper  man^^ment,  a  very  palatable  and  nutritious  pasture 

Barnvard-obabb  {Panicwa  cnu^alli). — In  but  one  locality  was  this  found  in  any 
quantity  which  attracted  attention.  Here  there  was  a  phenomenal  growth  of  it. 
On  the  Harper  ranch,  on  the  Malheur  River  about  40  miles  above  Ontario,  a  large 
field  of  alfalfa,  seeded  last  spring,  contained  a  remarkable  volunteer  crop  of  this  grass 
mixed  with  it.  It  was  very  noticeable,  however,  that  it  developed  in  the  lower  por- 
tions of  the  meadow  in  which  the  water  from  the  two  irrigations  applied  accu- 
mulated and  remained  lor  sometime  before  soaking  into  the  ground.  In  this  area, 
particularly,  there  was  a  growth  of  at  least  two  tons  of  bay  per  acre.  As  would  be 
expected,  the  alfalfa  was  completely  killed  out,  due,  in  all  probability,  not  to  the 
presence  of  the  weedj  but  to  overirrigation  and  improper  drainage.     (Bee  PI.  XVI, 

%  1.) 

Utah  saltbush  (Alriplex  trunwUa). — This,  like  the  two  following  species,  often 
grows  in  great  quantities  in  low,  poorly  drained,  alkaline,  alfalfa  meadows.  It  was 
especially  abundant  in  such  localiliea  near  Beulah,  on  the  north  fork  of  the  Malheur 

Halbert^lbaved  saltbcsh  {Atriplex  hmtnia). — Much  of  this  species  is  often  cut 
with  alfalfa  and  also  with  native  forage  plants.  It  is  questionable  whether  it  ever 
interferes  very  materially  in  alfalfa  meadows,  although  large  patches  of  it  frequently 
occur.  It  usually  develops  in  situations  which  are  either  too  alkaline  or  too  poorly 
drained  for  the  former. 

Fahitte  wbbd  {Dfmdia  deprewa  ereeta). — This  plant,  which  la  said  to  receive  its 
name  from  the  fact  that  the  Pahute  Indians  used  the  seed  for  food,  is  a  weed  in  the 
same  sense  as  are  the  two  previous  ones,  and  the  notes  under  those  species  apply 
equally  well  here. 
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Whitb  swbit  clovbr  (Melilotui  alba). — This  weed,  so  common  in  nearly  all  irri- 
gated redone,  ia  very  abundant  northward.  It  does  not  appear  to  find  congenial 
conditione  in  the  southern  portion  of  the  Territory,  but  la  especially  uneightly  along 
irrigation  ditehes  in  the  drainage  of  the  Malhenr  River. 

POISONOUS  PLAITCS. 

There  is  in  this  region  as  in  all  other  grazing  areas  a  very  vague  and 
indefinite  idea  regarding  this  class  of  plants.  One  will  oft«n  find 
valuable  forage  plants  pointed  out  as  injurious  to  stock  and  passing 
under  the  vague  term  of  "loco  vreeds."  The  prejudice  against  a 
certain  plant  often  arises  from  some  circumstance  connected  with  the 
behavior  of  cattle  in  the  ricinities  where  it  grow.s  in  abundance. 
Cattle  die  for  an  unknown  i-eason  and  the  most  natural  thing  to  attrib- 
ute the  malady  to  is  the  poisonous  effect  of  some  plant.  It  ha.^ 
appeared,  on  this  trip  as  well  as  on  others  in  i-ange  States,  that  there 
ia  much  popular  misconception  in  reference  to  the  matt«r.  Usually  it 
is  difficult  to  obtain  definite  information  concerning  authentic  cases  of 
injury  to  stock  from  eating  the  plants  in  question.  When  one  takes 
cognizance  of  the  numerous  species  which  are  considered  poisonous 
and  then  follows  up  the  sheep  camps  or  studies  closely  pastured 
meadows  for  a  few  days,  he  is  sure  to  lose  confidence  in  much  of  the 
popular  belief  concerning  the  poisonous  effect  of  plants.  There  are 
two  species,  however,  in  this  region  which  are  universallj'  condemned, 
and  there  is  strong  evidence  that  they  do  much  injury  at  certain  sea- 
sons of  the  year.  As  far  as  we  were  able  to  learn  there  was  no  injury 
from  either  except  in  the  early  spring. 

Labkbfdb  (Ddphinum  asoputorum).— According  to  the  account  given  by  Mr.  F.  C. 
Lusk,  superintendent  of  the  French'Glenn  estate,  this  plant  ie  one  of  the  first  to  put 
forth  a  vigorous  growth  in  the  spring.  When  the  ground  ia  still  moist,  the  cattle 
pull  up  the  tuberous  roots  and  eat  them  along  with  the  succulent  tops.  He  reports 
that  there  are  no  prominent  symptoms  following  the  feeding  on  this  plant,  and  that 
the  cattle  simply  "lay  down  and  die."  This  account  has  been  repeated  substantially 
hy  other  observers  in  the  rc^on,  so  that  it  appears  to  be  well  authenticated. 
While  the  plant  apfieared  to  be  common  enough  ia  the  motinlaiiis  where  we  traveled, 
it  waa  only  in  two  or  three  localities  that  it  was  conspicuong.  It  is  said  to  be  more 
noticeable  in  the  spring  on  account  of  its  early  appearance  when  there  is  leas  vege- 
tation on  the  ground.  The  stock  at  this  time  of  the  year,  after  having  been  confined 
todry,dead,andveryBhort  pasture  grasses  of  the  lowland  meadows  during  the  winter, 
are,  of  course,  very  eager  for  green  feed  and  consequently  eat  many  thin^  which 
they  would  not  touch  later  in  the  season  when  feed  becomes  more  plentiful. 

Attention  is  called  here  to  the  fact  that  injury  from  this  plant,  as  well  as  the  nest 
one  mentioned,  occurs  when  cattle  are  first  turned  onto  the  range  from  short  pas- 
tures or  short  hay  rations  during  a  long  and  often  hard  winter.  They  often  go  out 
in  spring  in  a  condition  of  very  low  vitality.  It  is  suggested  that  the  large  death 
rateat  this  season  may  to  a  large  extent  be  due  to  the  radical  change  of  ration  at  a 
time  when  the  general  tone  of  the  system,  owing  to  impoverishment  and  change  of 
season,  is  least  able  to  withstand  sui^h  changes.  The  Fact  that  at  times  cattle  die  in 
large  numbers  at  this  season  of  the  year,  when  the  system  is  least  able  to  withstand 
the  effect  of  noxious  weeds  or  other  injurious  agencies,  would  tend  stron^y  to  create 
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a  BUapicion  that  tlie  condition  of  the  animala  acts  ae  a  very  potent  factor  in  canmnfi 
the  numerone  losses. 

Wild  PARSNtP. — At  least  two  planta  desi^nKted  by  this  common  name  are  luiiver- 
Bally  condemned.  They  are  both  very  common  in  the  lowland  me«dowB  and  pas- 
tures in  both  northern  Nevada  and  southeaetern  Ot«gon.  Theae  are  known  to  botan- 
ists as  Slum  cieiUifoUum  and  CiaOa  vagam.  Large  quantities  were  cut  with  hay  at 
Winnemucca  and  Quinn  Biver  Crossing,  Nev.,  and  on  the  White  Horse  Ranch,  near 
old  Fort  Smith,  OreK'  No  complaints  are  exprewed  against  them  in  this  condition. 
Like  the  larkspur,  they  appear  to  be  injurious  in  the  spring  when  the  ground  is 
moist  and  the  cattle  are  able  to  pull  up  and  eat  the  roots.  In  this  instance  again  the 
injury  occurs  at  the  time  when  the  cattle  are  in  an  impoverished  condition  and 
therefore  least  able  to  withstand  the  eHecta  of  any  deleterioua  agents.  Mr-  Losk 
reports  that  his  company  has  paid  out  considerable  money  in  attempting  to  eradi- 
cate this  weed.  It  hires  Indians  or  other  cheap  labor  to  dig  up  the  plants  in  macb 
the  same  way  that  the  dandelion  and  the  thit^le  are  removed  from  lawns  in  the  Eaet 

TORAQE  FULSTB. 

No  attempt  is  made  to  give  a  complete  list  of  the  for^e  plants  of 
the  region,  even  so  far  as  observed  on  the  trip.  This  would  evidently 
include  all  of  the  grasses,  sedges,  and  rushes,  and  would  unduly  extend 
the  appended  list  to  no  purpose.  Indeed,  many  of  the  plants  collected 
which  are  known  to  be  eaten  by  stock  are  purposely  omitted  from  the 
list,  either  because  they  grow  in  quantities  too  small  to  be  taken  into 
account,  or  because  they  sra  not  considered  of  sufficient  importauce 
to  be  noted. 

THE  TBITE   8AOE8. 

The  sages  ae  popularly  recognized  constitute  a  very  heterogeneous 
group  of  plants.  A  rough  classification  is  frequently  made,  however, 
by  the  rancher  into  black  sage  and  salt  sage.  The  group  included 
under  the  above  head  constitutes  thoae  shrubby  plants  belonging  to 
the  genus  Artemma,  which  bloom  late  in  autumn  and  produce  very 
inconspicuous  flowers  and  seeds  which  are  very  seldom  seen  by  the 
ordinary  observer.  They  differ  from  the  next  group — the  salt  s^es — 
in  having  a  very  bitter  taste  and  a  very  penetrating  odor,  like  the 
common  wormwood  to  which  they  are  closely  related.  They  grow  in 
those  situations  which  although  arid  are  seldom  alkaline.  The  abode 
of  the  conspicuous  and  most  valuable  ones  is  therefore  above  the  basins 
and  river  bottoms,  on  the  mesas  and  in  the  foothills.  The  different 
species  differ  greatly  in  their  forage  value,  depending  presumably 
upon  the  quantity  of  the  bitter  principle  present  in  the  leaves  and 
twigs. 

Black  sage  (Artemigia  arbascrda). — This  sagebrush  is  the  typical  mountain  form 
and  differs  mainly  from  the  common  black  sage  of  the  mesas  {A.  tridmlala)  in  hav- 
ing larger  flowers  and  more  spreading  scraggly  branches.  What  is  said  concerning 
the  feeding  value  of  A.  tridmlala  will  apply  with  equal  force  to  Ihisspecies.  Another 
species,  which  is  closely  related  to  the  above  and  which  is  very  a 
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Fto.  1— A  TVPicAL  Northern  Nevada  Ranch,  Quinn  River  Crossinq. 


Fig.  2.— Divine'3  Ranch,  Lastern  Base  of  Steins  Muuntains,  Oreson 
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of  the  wet)teni  DakotM,  portions  of  Wyomii^,  Monttuift,  and  Colorado,  wag  found 
in  one  locality  in  Steina  Mountaine,  where  it  covered  quite  extensive  areas.  This 
Bpectea,  known  to  botanists  as  A,  cana,  diffen  from  the  preceding  in  having  a  more 
erect  habit  of  growth  and  longer  entire  leavee.  Its  feeding  qualities  differ  in  no  wise 
from  those  of  the  next  si>ecie8.     (Bee  PI.  VI,  fig.  1.) 

Black  saob  (Artemigia  tridmlala) . — This  is  the  common  sage  of  the  mens  and  foot- 
hills. It  takes  the  place  of  the  Cactaceee  and  the  creosote  bush  {Larrea  mexieatui)  of 
the  deserts  to  the  southward.  Its  feeding  qualities  are  very  inferior.  It  is  some- 
times said  to  be  used  for  feed  to  a  considerable  extent,  but  its  value  ie  probably 
overestimated.  According  to  the  best  information  we  are  able  to  obtain,  it  is  seldom 
browsed,  even  by  sheep,  excepting  in  extreme  cases,  and  then  it  is  claimed  by  the 
sheepmen  of  the  region  that  the  animals  can  not  live  upon  it  for  more  than  a  couple 
ofdaysatatime.     (See  PI.  II,  fig.  2.) 

Black  saob  {Artemiitia  rigida). — This  was  met  with  in  but  two  sitnatlons,  the  flnt 
near  the  Calamity  settlement  and  the  next  near  Westfall,  Oreg.  In  both  instances 
it  was  cropped  very  closely  and  it  was  with  the  greatest  difficulty  that  we  were  able 
to  Becnre  specimens  enough  to  identify  the  plant,  inasmuch  as  we  were  unfamiliar 
wfth  it,  having  never  seen  it  growing  before.  PI.  Ill,  flg.  2,  shows  this  plant  as  it 
appteared  near  Westfall.  The  bunches  in  the  foreground  constitute  what  remains  of 
the  plant  after  being  fed  ofi  during  the  winter  months.  In  the  background,  both  in 
front  of  and  behind  the  wagon,  will  be  seen  a  typical  growth  of  the  common  black 
eage  {A.  Iridentala) . 

McawDBT  (Artemigia  ludoviciana). — A  very  common  species  of  sage  growing  in  gen- 
eral in  higher  nonalkaline  lowland  meadows.  It  is  said  to  be  pastured  to  a  large 
extent  in  the  winter,  and  very  much  of  it  is  cut  with  other  forage  plants  for  hay.  In 
thie  way  it  forms  cjuite  an  important  factor  in  the  winter  rations.  It  is  probably  rel- 
ished much  more  by  sheep  than  by  cattle, 

BtiD  BAOB  (Artemigia  tfnnaixnt). — A  apiuy,  atra^ly  shrub  which  blooms  early  in 
the  spring  and  drops  its  seeds  and  leaves  in  midsummer,  becoming  almost,  if  not 
quite,  naked  by  the  middle  of  August.  Of  all  the  species  of  true  sages  that  grow  in 
the  re^on  this  is  undoubtedly  the  most  important.  It  is  said  to  be  browsed  by  cat- 
tle as  well  as  by  sheep.  As  we  saw  it  between  Winnemucca,  Nev.,  and  the  Alvord 
desert  in  Oregon,  where  it  was  exceedingly  abundant  on  the  foothills  and  high  mesas, 
it  invariably  bore  evidences  of  having  been  browsed  during  the  past  season.  It  is  to 
he  understood,  of  course,  that  this  as  well  as  the  other  species  of  the  true  sages  are 
not  eaten  during  the  summer. 

THE   SALT   8A0ES  AND  THEIR  ALLIES. 

This  group  of  usually  SElt-loving  plants  is  of  great  ecoDomic  impor- 
tance in  all  the  plains  and  basin  region.  Some  of  them  form  the  main 
winter  feed  in  many  tiituations,  while  others,  like  the  trne  sages,  may 
be  considered  plants  which  form  a  subsistence  i-ation.  They  vary 
greatly  in  the  character  of  soil  upon  which  they  thrive,  some,  such  as 
the  common  greasewood,  being  seldom  found  except  on  soils  which  are 
too  alkaline  for  almost  all  other  kinds  of  vegetation,  while  others,  such 
as  white  s^e  and  the  spiny  salt  bush,  probably  never  grow  on  what 
may  be  termed  alkaline  soil.  All  these  plants  belong  to  the  goosefoot 
family,  although  they  differ  widely  in  their  general  appearance.  They 
may  be  readily  distinguished  from  the  true  sages  by  their  more  promi- 
nent fruits,  winged  seeds  {fruiting  bracts),  and  salty  rather  than  bitter 
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taste.  Some  species  are  annuals,  but  the  majoritj  of  tbose  which  are 
most  valued  as  forage  are  shrubby  perennials. 

Silvery  salt  bush  {Atriple^  argenlea). — A  bushy,  branched,  trUi^falftr  leaved 
annual  which  developa  in  unsodded  areaa  in  native  meadows  and  often  in  poorly 
cultivated  fields  on  the  lower  elevations.  In  the  latter  situation  it  receives  a  stima- 
Ina  from  artificial  cultivation  and  uft«n  makes  a  good  stand.  Much  of  it  ia  cut  with 
hay  and  is  readily  eaten  by  both  sheep  and  cattle. 

Shad  scalb  (AlripUx  canetcene). — A  bushy,  branching  ehmb,  3  to  10  feet  high.  It 
Is  moEt  abundant  in  northern  Nevada,  where  it  grows  commonly  in  the  mudy 
stretches  bordering  low  areas.  It  is  less  abundant  and  therefore  of  lees  consequence 
in  this  region  than  the  nest  species  mentioned,  but  it  is  probably  relished  more  by 

Spiny  salt  nusa  [Atriplfx  conftrli/olia). — A  diffusely  branched  spiny  ahrab,  1 
to  3  feet  high,  growing  in  nonalkaline  situations  on  the  mesas  and  foothills.  Its 
habits  are  about  the  same  as  the  bud  sage,  with  which  it  often  forms  the  only  vege- 
tation on  large  areas  of  the  lower  foothills  between  the  draws  where  the  blat^  H>ge 
predominates.  It  is  undoubtedly  one  of  the  most  important  winter  feeds  for  sheep 
in  the  entire  region,  since  the  white  and  red  sages  have  become  so  much  redaced  by 
overstocking. 

IIalbert-lbaved  salt  hcbh  (Atripler  haetata)  .—This  is  a  branched,  erect  annual, 
growing  in  nitlicr  alkaline  situatiuna  and  having  about  the  same  value  and  habit  is 
A.  (runooJa  and  A.  argenUa.  Like  these  two  species,  it  sometimes  develops  tremen- 
dously in  cultivated  fields,  in  spots  where  the  soil  is  too  salty  for  the  development  of 
alfalfa  and  other  cultivated  crape.  It  often  forma  an  ahnost  pure  crop  in  local  anas 
in  native  meadows.  In  either  case  it  is  often  gathered  with  the  hay  in  coosiderable 
quantities  and  eaten  by  stock  in  winter.  Un  the  range  it  and  the  two  ajtecies  mo- 
tioned above  are  pastured  to  a  large  extent.  These  three  species  were  eei>ecially 
abundant  on  the  north  fork  of  the  Malheur  River  above  Beulah,  Or^.,  and  were 
common  in  bay  meadows  all  the  way  from  Winnomncca  north. 

Nuttall's  salt  bush  {Atriplex  nuUaiiii).— A  low  spreading,  sparingly  branched 
shrub.  This  species  was  not  seen  untjl  we  reached  the  Malheur  Lake  badn,  where 
it  was  found  over  largo  areas.  It  was  again  encountered  in  great  abundance  in  the 
valley  of  the  Malheur  River,  about  40  miles  above  Ontario.  Wherever  it  was  found 
it  was  invariably  closely  grazed  on  the  open  rai^.  PI.  Ill,  fig.  1,  ahowa  an  area  of 
this  plant  on  the  open  range  near  the  Harper  ranch.  All  of  the  vegetation  in  the  fore- 
ground, excepting  the  bunch  of  cactus,  consists  of  stumps  of  this  shrub.  On  the 
Harper  Ranch  there  waa  one  field  which  contained  large  areas  which  were  protected 
during  the  summer.  These  areas  invariably  contained  nothing  but  this  season's 
growth  of  a  few  branches  6  to  12  inches  long,  showing  how  greedily  the  plant  ia 
eaten  by  cattle  during  the  winter, 

Torrbv'h  SALTBUaH  [Atrtplex  torreyi). — A  tall,  diffusely,  and  rigidly  branched 
shrub,  4  to  S  feet  high,  with  triangular  leaves,  angular  biauchee,  and  long,  tapering 
spines.  It  waa  met  with  only  in  a  few  localities  in  northern  Nevada,  as  far  north  aa 
Quinn  River  Crossing.  In  the  vicinity  of  Winnemucca  it  was  browaed  to  about  the 
same  extent  as  the  shad  scale. 

Utah  saltbush  (AtripUx  truncatd). — An  erect,  sparingly-branched  annual,  reemi- 
bling  silvery  aaltbush  in  general  appearance  and  habit.  Like  the  halbert-leaved 
saltbush,  it  often  forms  a  lai^  part  of  the  hay  cut  on  the  natjve  meadows,  and 
develops  to  almost  an  alarming  extent  in  cultivated  fields  which  are  inclined  to  be 
too  salty  for  ordinary  crops. 

Pahutk  weeds  (,Dandia  depretsa  erecHa  and  D.  duffiua). — Both  of  theee  plants  are 
much  branched,  narrow-leavedannuals,  or,atmost,  biennials.  The  common  name hy 
which  they  are  deelgnated  in  thia  region  is  aaid  to  be  derived  from  the  fact  that  the 
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Pahute  Indi&ns  were  in  the  habit  of  collecting  the  seed  and  ueing  it  for  food.  The 
plants  are  of  rather  questionable  forage  atillty,  although  said  by  n>ine  to  be  relished 
by  cattle  after  the  late  autumn  froBta.  Like  the  last  species  oE  xaltbuah,  these  often 
grow  very  vigoroueiy  in  cultivated  fields  which  are  slightly  too  alkaliDe  for  culti- 
vated crops. 

Hop  sage  {Grayia  apinosa). — A  well  branched  ahrub,  !  to  3  feet  high,  with  long, 
slender  spines,  thick,  rather  succulent  leaves,  and  a  spike  of  winged  fruits  which 
bear  some  resemblance  to  the  cultivated  hop  from  which  is  derived  the  common  name. 
This  is  seldom  eaten  in  summer,  but  in  the  winter  the  leaves  and  fruit  which  fall  in 
late  summer  are  picked  up  by  stock  in  much  the  same  manner  as  they  eat  the  leaves 
of  the  mesquite  further  south  on  the  Arizona  deserts.  It  grows  in  situations  similar 
to  the  spiny  saltbush,  and  is  of  value  as  autumn  and  wint«r  feed. 

WeiTB  BiOB  (Eurolia  lanaia). — As  it  grows  in  this  region  at  the  present  time  this 
is  a  low  sbntb,  one-half  to  2  feet  high,  consisting  of  a  few  straight  unbnuiched 
shoots  from  a  woody  stump.  It  was  formerly  of  much  importance  as  a  winter  feed 
for  both  cattle  and  sheep,  but  the  quantity  is  so  reduced  at  the  present  time  that  it 
can  not  be  considered  of  much  economic  importance. 

Rkd  sagb  {Kochia  americana).-~A  sparingly  branched  plant,  one-half  to  2  feet 
high,  with  straight,  slender,  leafy  twigs.  Nestto  the  white  sage  this  issaidtobethe 
flhnib  most  relished  by  cattle  of  any  in  the  r^on.  It  is  quite  abundant  in  places 
from  the  higher  bottoms  to  the  foothills.  After  the  advent  of  frosts  in  the  fall  the 
whole  plant  turns  red — a  characteristic  which  has  ^ven  rise  to  the  common  name. 
The  previous  year's  wood  always  bears  evidence  of  havii^  been  eaten. 

Ghkasbwood  (SareobatM  termumlalTu). — A  tall,  brittle,  wooded  shrub  with  spread- 
ii^  branchee  and  narrow,  thick,  succulent  leaves.  It  always  inhabits  strongly  alka- 
line ijTUund  and  often  grows  where  nothing  else  but  the  iodine  weed  {^irotUuAyi 
occidenlaiit)  is  able  to  thrive.  Very  large  areas  of  this  are  found  between  Witine- 
muccs  aod  Quinn  River  Crossing.  It  is  really  the  prominent  lowland  shnib  in 
places  and  does  not  often  bear  evidence  of  browsing,  but  the  leaves  are  cleaned  up  oB 
the  ground  where  they  have  fallen,  and  it  is  said  to  furnish  much  feed  in  this  way. 
It  can,  however,  be  considered  only  an  emergency  ration  at  best.  The  feed  it  furnishes 
is  both  small  in  quantity  and  poor  in  quality.     (See  PI.  XII,  fig.  2). 

THE  CLOVERS. 

One  of  the  main  differences  between  the  meadows  and  river  banks 
of  this  region  and  corresponding  situations  in  the  Daltotas,  eastern 
Montana,  and  Wyoming  is  the  presence  of  numerous  species  of  clovers 
of  great  importance  in  the  economy  of  the  stock  industry.  They  fur- 
nish much  valuable  pasture  and  hay  of  excellent  quality.  The  most 
important  species  are  discussed  below,  although  no  attempt  is  made 
to  give  a  comple  list. 

Sbasidb  clover  (THfoUum  involueraium). — This  is  the  most  abundant  and  impor- 
tant of  anyofthenativespecieeof  thereon.  In  the  low,Bwampy,nonalkalineareas 
on  the  native  meadows  it  often  yields  from  one-half  to  1^  tons  of  hay  per  acre.  On 
the  Divine  Ranch  it  had  spread,  under  the  influence  of  irrigation,  to  sagebrush  soil, 
and  there,  with  timothy  and  redtop,  mode  a  fine  crop.  It  is  a  promising  species  for 
cultivation  and  under  proper  treatment  it  would  probably  make  feed  about  equal  in 
quantity  and  quality  to  alsike  clover, 

SxALL-BRADBD  CLOVER  (TVi/o/iiim  microcephalum) . — Although  not  of  as  much 
importance  as  the  previous  species,  this  furnishes  much  pasture  in  places  and  it 
ttsods  close  grazing  very  well  indeed.  It  is  commonly  found  with  the  preceding 
species  in  low,  wet  meadows. 
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Bbckwith  CLOVIE  { Trifotium  6«atv>iAn).— This  is  a  larger,  more  i^d,  and  coaner 
plant  in  every  way  than  eitlier  of  the  two  previonely  mentioiied.  We  found  .it  at 
higher  elevations  than  the  others,  usually  in  mountain  valleys  and  meadows,  along 
streams,  and  near  springs.  It  was  most  abundant  in  portions  of  Silviea  Valley.  It 
is  valuable  mainly  as  a  native  postore  plant. 

Obbqon  cuiVBB  {TY^folium  oregatHim,  No.  601). — A  valuable  moant^n  pasture 
plant.  It  is  very  common  in  mountains,  where  it  often  forms,  with  tufted  hi^r  graes 
(Deschampiia  caetpUoea)  and  Sandberg's  blue  grass  {Poa  tandbergii) ,  a  very  respecta- 
ble covering  over  the  ground  in  small  depresBione  and  along  banks  of  streams,  <uid  is 
always  closely  cropped  in  such  Bituationa. 

Shield  clover  {Trifotium  cyathi/eram). — A  common  and  occasionally  abundant 
epedee  forming  much  pasture  along  strcfuns  and  moist  localities.  Jt  is  easily  recog- 
nized by  the  large  shield-like  bracts  below  the  heads  of  flowere. 

THE    S£D6E8  AND    BDSHES. 

When  quantity  alone  is  considered  this  group  of  plants  is  the  most 
importiLDt  of  any  in  the  region.  Two  or  three  species  of  aedges  or 
rushes  often  take  possession  of  large  areas  of  the  low,  poorly  drained, 
swampy  basins  and  river  bottoms.  Although  the  quaotity  of  feed 
from  this  source  is  large,  the  quality  is  ordinarily  much  inferior  to 
that  derived  from  the  true  grasses  and  clovers,  and  in  some  cases  it 
is  questionable  whether  the  forage  furnished  by  maoy  of  these  plants  is 
worth  the  cutting.  Usually,  however,  the  feed  derived  from  the  sedges 
(Oarex  sp.)  is  of  very  good  quality,  but  on  the  whole  rather  light  in 
weight. 

Wire  obasb  (Junau  ballietii). — Every  rancher  knows  this  tough,  wiry,  leafless 
plant,  which  is  almost  invariably  found  in  greater  or  less  quantity  in  the  lowland 
hay  meadows.  It  is  therefore  very  extensively  cut  for  hay  along  with  other  (orsge 
plants,  but  it  funiiBheB  a  very  poor  quality  of  feed. 

Nevada  rush  [Juncut  nevadenti*). — This  species  often  fumiahee  some  pasture  and 
a  little  hay  along  the  edges  of  moist  bottoms. 

Toad  rush  (/uncus  bafoniae). — A  low-spreadii^,  much-branched  plant  growing  in 
edges  of  ponds  and  very  wet  places.    It  is  often  pastured  where  better  feed  is  scarce. 

Creepino  spike  rush  (Eleovharis  pfduttrit). — This  is  also  often  referred  to  as  wire 
grass.  It  is  very  abundant  on  all  of  the  lower  meadows,  and,  like  the  wire  gnus,  is 
often  cut  for  hay.  It  is  neither  so  harsh  nor  so  rigid  as  the  latter.  Nowhere  on  the 
trip  were  such  areas  of  it  encountered  as  on  the  Malheur  Lake  bottoms,  where  moch 
of  it  was  cut  along  with  other  crops. 

AwNED  cYPKRL'8  ( Cifpenis  amto(iM) . — This  is  quite  abundant  on  sandy  banks  of  the 
tributaries  of  the  Malheur  River,  where  it  furnishes  some  pasture,  but  never  any  hay. 

Rbivbootbd  cvpkeus  (CVpiTuB  erythTorkizoe).— This  is  often  found  in  hay  in  con- 
siderable quontjtiee  on  the  low,  wet,  nonalkaline  meadows  along  streams  in  south- 
eastern Oregon. 

TuLB  (.ScirpuD  lacuitni). — This  is  the  most  conspicuous  plant  on  the  bottoms. 
It  often  grows  to  a  height  of  15  feet,  and  the  culms  are  often  three-fourths  of  an 
inch  in  diameter.  PI.  XV,  flg.  2,  shows  this  plant  as  it  grows  over  very  exten- 
sive areas  on  the  Malheur  Lake  bottoms.  In  the  more  moist  areas  it  is  used 
simply  as  a  bron'se  and  shelter  for  cattle  during  storms,  but  in  the  edges  of  the 
lower  areas,  where  it  grows  to  a  height  of  1  to  4  feet,  much  of  it  is  cut  with  other  hay 
crops,  with  which  it  is  mixed.    The  quantity  of  feed  frcnn  this  source  ie  probaUy 
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Fhj.  1 ,— A  Part  of  A  Davs  Roun[>-i>p  of  Beef,  Silvies  Valley,  Oreqon. 

Smnkt'  rrom  h  totvn  tire  Hhciwn  Blong  the  Imrizon. 


Fig.  2.— a  well-developed  Greasewooo  Bush  neaa  Winnemucca,  Nev. 
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considenible,  bnt  the  quality  u  very  pcmr.  The  oeede  are  Dutritiona,  aod  one  may 
often  see  horaee  in  the  tule  patches  in  late  BUmmer  picking  off  the  heads. 

PoAiRiB  BUiiBuaH  {Scirpui  campestrU), — A  hrown-headed,  triangutai'-fiteiiimed, 
large,  coarse,  graaa-like  plant,  growing  in  low,  wet,  and  often  alkaline  meadowa. 
The  quantity  of  forage  yielded  by  it  ia  very  large,  and  the  quality,  while  not  aa 
good  as  that  furnished  by  the  grasses,  is  still  very  fair.  Closely  related  species  furnish 
large  quantities  of  hay  in  many  localities  on  lake  and  river  bottoms  in  the  Dakotas. 
In  the  vicinity  of  Divine's  ranch,  at  the  edge  of  the  Alvord  Deeert,  there  was  a  veiy 
fine  growth  of  this  rash.  PI.  VII,  fig.  1,  shows  a  very  ordinary  development  of  it, 
and  also  something  regarding  the  character  of  the  soil  on  which  it  grows.  This  par- 
ticular spot  would  cut  one  and  three-fonrths  to  two  tons  per  acre.  In  some  places 
in  this  vicinity  haj'  cononing  of  about  two-thirds  of  this  rush  and  one-third  tule 
was  cut  in  large  quantities.  The  yield  woe  often  three  tons  per  acre  of  very  bulky 
forage. 

Shall-beeded  bclrcsb  (Seirpug  microoarpiu). — This  is  frequently  found  in  laTg« 
quantities  in  low,  wet,  nonalkaline  areas.  It  is  never  in  such  quantities  nor  in  such 
sitnations  that  it  can  be  cut  for  hay,  but  it  forms  much  of  both  winter  and  summer 
pastntage.  It  was  first  met  with  in  the  vicinity  of  Pine  Forest  Mountains,  and  fre- 
quently from  there  north. 

THBEE-BQi;ABB(iScn7nupii7i;mit).~A  triangular  stemmed  plant,  with  a  small  lateral 
head  and  few  leaves,  growing  thinly,  and  propagating  by  creeping  root  stocks  in  wet 
and  often  alkaline  localities.  The  same  species  is  very  commonly  found  in  consid- 
erable quantities  in  the  hay  meadows  in  Wyoming,  Montana,  and  the  Dakotas.  It 
is  cut  and  pastnred,  but  it  makes  a  quality  of  feed  but  little  better  than  the  tule. 

AwNBD  sxDGB  {Oarex  arittata). — This  sedge  furnished  a  great  deal  of  pasturage  and 
feed  on  the  Malheur  lAke  bottoms.  It  grows  in  rich,  moist,  nonalkaline  areas  to  the 
extent  of  one  and  a  half  to  two  tons  per  acre.  Where  we  saw  it  the  individual  areas 
in  whicbit  grew  were  not  targe,  but  frequent,  and  measured  from  one-fourth  to  three 
or  four  acres.  It  famishes  by  far  the  best  and  largest  quantity  of  hay  of  any  of  the 
sedges  in  this  r^on. 

I>ouoi^s  siDoi  (Giro;  doxtglaeii). — This  conspicuous,  yellow-headed,  wiry  plant 
is  probably  the  most  common  of  all  the  species  of  the  sedge  family.  It  is  invariably 
found  on  the  drier  bottoms,  where  it  grows  oftentimes  to  a  height  of  8  inches.  Much 
of  it,  therefore,  gets  into  the  haystack,  where  it  is  readily  eaten  in  winter,  although 
it  is  very  tough  and  wiry.  On  the  open  range  it  is  always  closely  grazed.  Its  main 
value  is  for  pasture. 

Gay's  exDOB^Carex  gayana). — This  often  forms  from  one-fourth  to  one-third  of 
the  hay  in  some  localities.  It  was  decidedly  abundant  in  the  vicinity  of  the  Alvold 
Desert,  where,  together  with  the  Nebraska  sedge  and  seaside  clover,  it  yielded  about 
one  and  a  half  tons  per  acre.    Nowhere  else  was  it  found  in  such  abundance. 

WooLLV  BBDOE  {Carex  lanuffinosa). — Commonly  found  mixed  with  the  tule,  hot  it 
thrives  best  in  soils  immediately  surrounding  the  latter.  It  very  often  grows  in 
situations  too  wet  to  be  cut,  tmt  even  here  it  furnishes  feed  for  winter  pasture.  On 
the  lower  wet  meadows  on  the  Divine  Ranch  it  formed  about  two-thirds  of  the  crop 
over  very  large  areas,  the  remainder  being  furnished  by  the  Nebraska  sedge  and  the 
seaside  clover.  It  is  also  an  important  factor  in  the  hay  supply  on  both  the  Quinn 
River  Crossing  and  White  Horse  ranches. 

CLrsTERBD  piBLD  BBDOE  (CbrKc  marcidd). — Two  varieties  of  thle  species  are  com- 
mon in  northern  Nevada  and  southern  Oregon.  They  are  never  abundant  enough 
to  form  any  great  amount  of  hay  in  any  one  place,  but  in  the  aggregate,  over  large 
areas  of  the  drier  meadows,  they  amount  to  a  great  deal.  When  the  drier  meadows 
are  too  short  to  cut  it  ia  pastured  in  the  winter  with  other  sedges  and  grassee. 

Nebrabea  sedqb  {Cares  nebratkerteit). — A  very  valuable  pole-green  species  growing 
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in  low  eittiAtious  which  are  covered  with  water  until  late  in  the  season.  The  hay 
which  it  furnishes  i»  rather  light,  but  usually  considered  of  fair  quality  for  this  class 
of  plants.  It  may  grow  alone  over  considerable  areas  which  dry  in  midsummer  and 
bake  very  bard,  or  it  may  be  found  with  other  closely  related  spedea  and  some 
cloveTB.  The  Utter,  of  counte,  very  materially  improve  the  quality  of  the  hay. 
(See  also  under  Gay'e  sedge  and  Woolly  sedge). 

SofT-LEAVED  BEnGE  {Carfc  lenella). — This  elender-culmed  species  furnishes  agre&t 
deal  of  pasture  in  shady  places  in  the  mountains. 

BoTTLK  HBDOE  (Oirtc  vlricuiala) . — Common  in  moist  meadows,  where  it  is  both 
pastured  and  cut  tor  hay.  It  was  not  collected  in  Ne^-ada  but  was  of  considerable 
importance  on  the  meadows  of  Silvies  Valley  and  the  north  fork  of  the  Malbeor 
River,  near  Beulah,  Oreg. 


Horkeliafiuea.  — Thia  glandular,  strong-ecented  plant  with  numerous  compound  root 
leaves  is  an  important  sheep  plant.  It  is  very  abundant  in  Steins  Mountains  and 
almost  ini-ariably  bearaevidence  of  being  grazed.  Cattle,  however,  in  all  probability 
never  touch  it. 

pRAiBiE  VETCHLiNQS  {iotftfmi*  dtcaphyUv*  and  L.  Ortgonenm). — Grow  very  pro- 
fusely in  some  localities  and  are  to  some  extent  found  in  hay  in  the  Alvord  Desert 
basin.    We  saw  no  evidences  of  their  being  pastured,  however. 

Dakota  lotus  {Lotus  amencana). —Thii  plant,  bo  abundant  on  all  the  river  bot- 
toms and  low  prairies  in  the  Plains  region,  was  not  encountered  onUI  we  reached  the 
Snake  River  at  Ontario,  Oreg.  Here  it  was  very  abundant  and  bore  evidence  of 
bdng  grazed  in  many  of  the  poorer  pastures.  It  is  very  seldom  indeed  that  the 
writer  has  seen  this  condition.  Usually  it,  like  the  lupines,  remains  untouched  in 
pasture,  although  readily  eaten  in  hay. 

LnpiNBB. — These  conspicuous  blue-flowered  plants,  belonging  to  the  pea  family,  are 
very  numerous  and  characteristic  of  the  western  plains,  mountains,  and  even  deserts. 
They  are  usually  considered  of  some  value,  and  are  therefore  included  here.  It  has 
not  been  the  writer's  experience,  however,  that  they  are  eaten  much  by  cattle. 
Sheep  occasionally  do  eat  them  in  poor  pastures,  but  their  destruction  by  the  sheep 
is  due  more  to  trampling  than  to  actual  eating.  About  ten  speciee  were  collected, 
two  or  three  of  which  are  very  common,  and  might  be  mentioned  in  a  list  of  foR^ 
plants.     The  most  important  are  Liipinut  lepedut  and  Lujnma  laxifionu. 

Btm-REEn  {Sparganum  eurycarjium). — A  broad-leaved  grass-tike  plant  with  promi- 
nent globular  masses  of  fruit  produced  in  late  summer.  This  very  common  plant  in 
all  thewet  mewlows  of  the  regions  ia  of  moreeconomic  value  here  than  in  any  locality 
the  writer  has  ever  visited.  It  is  often  cut  with  the  tule,  sedges,  and  rashes  tor  hay, 
and  is  commonly  pastured  where  stock  can  get  at  it  during  the  summer.  It  was 
especially  abundant  on  the  Malheur  Lake  tottoms  where  pure  growths  of  it  ^^K 
often  found.     The  team  in  Fl.  XV,  fig.  2.  is  standing  in  an  area  of  this  plant. 

■  SE.tsiiiE  ARROW  OBA8S  ( Trir/Uxhin  viaritlmii)  .—This  salt-loving  plant,  with  nish-lite 
leaves  and  stout,  erect,  naked  flower  stalks,  furnishes  much  pasture  and  occasionally 
a  little  hay  along  with  the  more  valuable  rushes  and  sedges.  It  is  found  only  ■" 
very  moist  alkaline  remans,  and  is  an  invariable  occupant  of  the  saline  regions  in  the 
vicinity  of  hot  springs. 

Cat-tail  {Typhvt  latifoHa). — This  conspicuous  and  universally  recognized  swamp- 
land plant  furnishes  much  winter  feed,  and  occasionally  some  of  it  is  cut  for  hay.  A 
little  of  it  is  shown  in  the  extreme  tor«gTOtmd  in  PI.  XV,  flg.  i; 

Amkejcan  vejiib  (  Vma  amervana  and  V.  tnincata). — Are  common  and  of  som* 
value  on  portions  of  the  drier,  rich,  lowland  meadows.  Like  the  vetchlings  discussed 
above,  they  are  not  pastured  except  where  the  sedges,  grasses,  and  cloven  fail. 


db,Google 


y,  U.  S.  Otpt   of  <«ilcu 


FlQ.   1.~A  MODERATELV  GRAZED  NATIVE  PASTURE  IN  STEINS  MOUNTAINS,  OREQON. 
Hliiblili'  of  Hheep  IwH-iie  conHtllutai  nearly  (he  entire  vi-geUitloii  In  (on'Kruuiid. 


Fio.  2.— A  Giant  Rveqrass  Meadow,  Quinn  River  Crossinq,  Nevada. 
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Alfilahia  [Erodium  ciaUarium] .—Thia  (orage  plant,  which  ia  ot  so  much  impor- 
taoce  on  many  of  the  Arizona  and  California  arid  pastures,  was  seen  in  considerable 
quantity  along  the  western  base  of  the  Pine  Forest  Mountains  ia  Nevada  and  at  Denio, 
Oreg.,  but  it  ia  very  doubtful  whether  it  is  abundant  enough  to  be  of  much  value. 


SaoftT-LBAVBn  WHEAT  OKASa  (A^opyron  brei'ifoliam). — Occasional  in  Steins  Moun- 

AwNED  WHEAT  ORASS  {A^opyTon  contnum  puiewww). — A  common  species  in  the 
mountains.  It  forme  some  pasture  at  moderate  elevations,  especially  in  the  Pine 
Forest  Mountains. 

WarrERN  wheat  ora^s  (Agropyron  occidmlaie). — Thia  forms  a  scattering  growth 
in  the  lower  sage-brush  areas.  It  seldom,  if  ever,  grows  on  the  lower  alkaline  soils. 
It  is  of  very  little  importance  here  compared  with  the  plains  region.  The  variety 
molU  grows  in  similar  localities. 

Wkbtbrs  couch  orass  (Agropyron  pKadorep^m). — Common  in  the  rich,  drier 
meadows,  but  never  forming  the  quantity  of  feed  that  it  doen  east  of  the  Rocky 
Mountains. 

Bunch  wheat  okass  (Agropyron  tpkatiim). — This  ia  the  most  important  wheat 
grass  of  the  region.  It  is  an  awned  grass,  and  grows  almost  invariably  in  rocky  but 
fertile  soils  in  the  upper  foothills  and  mountains.  Although  rather  harsh  and  wiry, 
it  fumiahes  much  valuable  feed  for  summer  and  autumn  pasture. 

Slender  wheat  qrabb  (Agropyron  fciiCTTim).— Althoi^h  common  on  the  richer, 
well-drained  lowland  areas  throughout  the  region  and  of  some  importance  as  a  pas- 
ture and  bay  grass,  it  amounts  to  but  little  compared,  with  the  plains  region,  where 
it  furnishes  such  magnificent  pasturage  and  hay. 

Water  poxtail  (Alopecaria  genwultOux). — A  low,  smooth,  tender  grass  with  weak 
stems,  which  often  root  at  the  joints.  It  is  found  abundantly  throughout  the 
region,  aloi^  streants,  and  in  wet  meadows  which  are  not  completely  sodded  over 
with  the  sedges.  It  furnishes  good  pasturage,  but  the  quantity  of  hay  is  of  little 
consequence. 

Redtop  (AgroAa  aJhd). — Doubtless  some  forms  of  this  widely  distributed  and 
valuable  forage  plant  are  indigenous,  but  it  is  so  widely  distributed  in  all  meadows 
that  the  introduced  form  often  appears  native.  It  is  well  adapted  to  the  poorly 
drtuned,  boggy  areas,  and  it  is  believed  that  it  could  be  more  extensively  introduced 
with  great  profit. 

RouoR  hair  orasb  (Agrostie  hyemalit).~A  slender,  smooth  grass  with  delicate 
panicle,  furnishing  some  pasture  in  moist  mountain  meadows,  as  well  as  upon  the 
lowlands.  The  quantity  of  its  hay  is  small,  but  the  quality  good.  On  the  low 
meadows  of  the  White  Horse  Ranch  much  of  it  was  found  in  the  hay.  Probably  as 
high  as  a  fifteenth  of  the  entire  bulk  consisted  of  thia  grass  in  limited  localities. 

White  top  (AgroidU  exarata  grandii). — An  erect,  smooth,  rather  tall  grass,  growing 
usually  in  loose  bunches.  It  is  of  much  valui>  for  both  panturage  and  hay  and  ia 
relished  by  all  stock.  It  is  never  abundant  enough  to  make  u  crop  itself,  but  it  often 
forms  an  eighth  or  tenth  of  the  bulk  of  the  forage  on  the  low  meadows. 

Slender  bbnt  orabs  (Affrotii'  iiiTiabilie). — A  tufteti,  slender  mountain  species 
which  furnishes  much  pasture  in  moist  meadows.  It  whs  especially  abundant  in 
Steins  Mountains,  where  it  often  furnished  good  feed  in  rather  dry  localities.  It  is 
always  more  or  les  abundant  in  all  the  depressions  and  along  streams. 

Purple  bent-orass  (Agrontie  humilit). — A  slender,  purple- topped,  tufted  species, 
growing  in  moist  places  in  mountains.     It  furnishes  some  feed  in  the  vicinity  of 
Btreams  and  lakes  in  the  I^ne  Forest  Mountains. 
16370— No.  15—02 i 
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Hall'h  rbdtop  {AffToetit  haUii). — An  erect  grass,  resembling  closely  the  common 
redtop,  but  with  a  more  open  and  delicftte  panicle.  It  ia  a  valuable  ha;'  gran  in  ihe 
Alvord  Desert  r^on,  especially  on  the  White  Horse  and  Divine  ranches.  In  Home 
meadows  on  the  former  it  replaces  to  a  very  large  extent  the  common  species  of  red- 
top,  and  forme,  in  limited  areas,  a  fourth  of  the  crop  of  hay,  the  remainder  being 
made  ap  of  seaside  olover  and  several  sedgee. 

Wild  oats  (Avunafatiia), — This  grass,  which  is  suth  a  pert  in  many  small  grain- 
growing  redone,  has  been  mentioned  under  weeds.  Several  fields  of  first  and  second 
crop  alfalfa  were  seen  in  which  this  formed  a  third  to  a  fourth  of  the  forage.  One  or 
two  years  of  alfalfa  cropping  will  usually  rid  the  land  of  it,  however. 

Slouuh  OKAas  (Bectmatmia  eracx/ormig).~-A  common  species  alt  through  the 
r^on,  but  never  abundant  enough  to  be  of  any  importance  as  a  hay  plant,  as  it  ie 
oftentimes  in  wertem  Montana,  especially  in  the  Flat  Head  Valley.  Here  it  fomis 
simply  H  scattering  growth  in  moist  places  along  ditches  and  streams,  and  is  of  value 
only  as  a  pasture  grass. 

Keslbo  bboke  {Bromw  earinatut). — A  stout,  erect,  tufted,  perennial  gran,  abun- 
dant in  all  the  mountain  regions.  It  usually  grows  in  sleep,  rocky  places  with  bunch 
wheat  grass,  Buckley's  blue  graae,  and  sheep  fescne,  and  forms  large  quantities  of 
teed  in  such  localities.  It  is  especially  abundant  in  Steins  Mountains  on  the  side  of 
Teger  and  Blitzen  gorges. 

Srobt  aw.nbd  bromb  {Broinvg  mar^TUitue) . — This  species,  although  extending  into 
the  mountains,  makes  its  beet  growth  in  partially  cultivated  ground  on  the  lower 
le\'els.  At  Big  Creek  and  about  10  miles  south  of  Bums  there  were  exceptionally 
fine  growths  of  it  in  many  fields.  It  is  the  most  promising  of  the  native  species  of 
this  genus  for  cultivation. 

Hairy  bbomb  {Bromut  gubvdtUitMt  No.  617), — This  strikingly  hairy  species  was 
found  in  only  one  locality,  but  there  it  formed  about  a  uxth  of  the  entire  pastnre 
growth,  the  remainder  being  Buckley's  blue  grass  and  bunch  wheat  grass.  The 
locality  was  a  southern,  rocky  exposure  in  Steins  Mountains,  about  one-half  mile 
below  the  gorge  on  the  BlilJien. 

Introduced  species  of  bkomes. — Four  species  not  native  to  this  country  are  intro- 
duced in  this  region  in  considerable  quantity.  In  limited  localities  these  vie  in 
importance  with  the  native  grasses,  and  wherever  found  they  are  valuable  forage 
either  as  hay  or  pasture.  (Jsually,  however,  they  assume  the  character  of  weeda 
The  most  common  of  these  forms  is,  of  course,  the  common  cheat  {Bromu»  iteealintu). 
The  appearance  of  three  species  of  this  genus  along  Bartlett  Creek  in  northern  Nevada 
was  very  interesting.  There  had  been  some  prospecting  in  the  valley  and  seeds  of 
Brtimue  nibeng,  Bromiu  hordenceous,  and  cheat  ( Bromut  tecittinti*)  had  evidently  been 
introduced  with  teed  from  California  points.  These  species  had  literally  taken  poe 
session  in  some  portions  of  the  valley.  Being  annual  species,  however,  they  dry  up 
early  in  the  summer  and  are  then  not  relished  by  stock. 

Yellow  *oi  tail  {ChiOochloa  glauca)  and  Grbbn  fox  tail  {CfurtoehloaviridU).— 
Are  sparingly  introduced.    Nowhere  did  we  see  them  thriving  with  any  degree  of 

Blue  joint  {Calamagrotliii  cnnademii  acuTninata). — Occasional  on  low,  moist  mead- 
own.    It  is  never  very  abundant,  but  makes  good  feed  wherever  found. 

Ybllow  top  {CaUiTnogrottie  hyperborea  amerioana). — A  very  important,  erect,  rather 
wiry  grass.  Yellow  top  grows  well  on  low,  moist  meadows.  The  best  growth  of  it 
the  writer  haw  ever  tieen  was  on  the  Malheur  Lake  bottoms,  where  thet«  vere  areas 
of  an  acre  or  more  in  places  almost  pure.  It  was  always  found  along  the  edges  of 
the  lower  bottoms  and,  according  to  soil  tests,  in  nonalkaline  soil.  A  laige  quantity 
of  seed  was  secured  from  the  Island  Ranch,  south  of  Bums,  Oreg. 

Ti'iTED  HAIR  grass  (Iktehampna  cietpitoaa). — This  is  an  important  forage  in  the 
muieter  localities  in  all  the  mountain  ranges.    It  elands  close  pasturing  very  well. 
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FiQ.  1.— Four  Weeks'  Growth  of  SECONO-cfiop  Alfalfa,  near  Ontario,  Oregon. 

Field  siiid  lo  hove  pnniiiced  in  lonn  ot  hay  on  ihwB  ciitllinpi  last  yenr. 


FiQ.  2.— Wild  Wheat  near  Winnemucca,  Nevada, 
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and  when  kept  cropped  it  makes  a  good  quality  of  pasturage.  It  is  also  oCteu  present 
on  the  lower  meadows. 

Oak-like  hair  Qfutg6{Dachampmacalycina).-~IAkethe\aettipexAeB,  this  has  a  wide 
habitat,  rai^n^  from  the  lower  bottoms  to  the  higher  mountains.  It  was  fonnd  in 
abundance  on  the  White  Horse  lUnch,  where  there  were  acres  of  it.  Although 
rather  short,  it  had  be^n  cut  for  hay  in  places.  It  famishes  pasture  early  in  the 
Hummer,  but  being  a  rapidly  growing  annual,  it  dies  and  dries  up  early  in  the  season, 
and  is  then  not  relished  by  stock.  It  had  all  died  and  dried  up  some  time  before  we 
i-isited  the  r^on  on  the  Ist  of  August. 

Slkhder  hair  okabs  {DeBchampma  ehmgala). — Decidedly  a  mountain  grass.  While 
not  of  nearly  as  much  importance  as  the  tufted  hair  grass,  it  furnishes  a  great  deal  of 
feed  in  low,  wet  metidows,  and  especially  in  the  vicinity  of  moimtains,  brooks,  and 
springs. 

Salt  orass  ( Di»tiehli»  tpkala). — This  familiar  grass  on  all  the  Western  plains  and 
basin  r^on,  while  very  rigid  and  wiry,  is  one  of  great  importance.  Its  persistent 
habits  of  growih,  its  power  to  resist  close  grazing  and  drought,  its  very  ordinary 
feeding  qualities  and  its  ability  to  thrive  in  strongly  alkaline  soils  are  qualities  which 
make  it  a  very  valuable  emergency  feed.  Were  it  not  for  this  persistent  grass  many 
more  cattle  would  die  of  starvation  than  do.  It  makes  a  very  ordinary  feed,  but  it 
is  this  very  characteristic  that  makes  it  valnable.  Were  it  more  h^hly  relished  by 
stock  it  would  probably  have  been  exterminated  long  ago.  It  was  a  common  thii^ 
to  find  it  closely  cropped  all  the  way  from  Winnemucca  to  Ontario.  Lm^b  herds  of 
cattle  were  apparently  subsisting  on  this  and  squirrel  tail  (Hordeum  jtAatum)  on  the 
open  range  on  the  Malheur  I^ke  bottoms  in  August 

Giant  rye  obass  {Elymtu  condeiaataa) . — ^This  mammoth,  erect,  usually  more  or 
tees  tufted  species  is  one  of  the  most  important  grasses  of  the  drier  basin  bottoms. 
There  are  thonsands  of  acres  of  it  fringing  the  bottom  lands  and  often  extending  out- 
ward into  the  sagebrush  areas.  PL  XIII,  fig.  2,  shows  a  characteristic  growth  of  it 
in  the  Quinn  Eiver  Valley,  almost  hiding  a  wire  fence.  It  grows  on  the  drier  and, 
according  to  soil  teste,  nonalkaline  areas.  It  is  very  often  cut  for  hay,  but  more 
often  it  is  left  for  winter  pasture.  It  is  very  valuable  in  stonny  weather,  for  its 
habit  of  growth  prevents  its  being  covered  with  snow.  It  is  claimed  by  ranchers 
that  it  does  not  stand  cutting  and  close  pasturing  well.  Under  these  treatments  it 
gets  thinner  and  thinner  and  eventoally  disappears.  The  areas  of  it  are  gajd  to  have 
greatly  diminished  in  recent  years.  Horses  fareespecially  well  on  it  from  the  middle 
of  Jnly  to  the  middle  of  September.  When  allowed  to  pasture  in  the  fields  at  this 
time  of  the  year  they  live  almost  entirely  on  the  rich  seed  supply,  roaming  over  the 
fields  and  picking  off  the  heads.  Although  it  is  often  very  badly  ergoted,  no  evil 
effect  is  reported  on  this  accounL 

Mountain  svb  okass  (Elymiu  jIawctM).— This  abundant  species  of  the  Rocky 
Monntain  r^on  is  common  here.  It  grows  scatteringly  among  the  shrubbery  in 
the  mountains. 

Wild  wbrat  {Elyyma  tritieoidei). — This  is  the  blue  stem  of  this  region,  a  name  by 
which  it  is  universally  recognized  by  the  ranchers.  In  many  respects  it  is  the  most 
important  grass  of  the  entire  region,  and  is  a  very  promising  species  for  cultivation. 
The  seed  is  produced  in  abundance  and  is  invariably  well  filled  and  easily  gathered. 
Its  habit  of  growth  is  very  similar  tc  that  of  the  western  wheat  grass  of  the  plains 
region  and  the  quality  of  the  hay  produced  by  the  two  are  probably  about  equal. 
There  were  magnificent  crops  of  it  along  the  Humboldt  and  Quinn  rivers,  in  the 
Alvord  Deeert  basin,  and  on  the  Malheur  l4>ke  bottoms.  It  grows  in  rich,  nan- 
alkaline,  heavy  soils,  and  where  properly  watered  it  often  yields  2  to  2i  tons 
per  acre.  It  appears  to  be  well  adapted  to  the  damming  and  flooding  system  of 
irrigation  in  vogue  here,  foritstandssubmeigingtoagreater  degree  than  the  majority 
of  the  native  grasses.    I«rge  qn&ntities  of  seed  were  secured  along  the  Humboldt 
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and  Qtiinn  River  bottoms.  PI.  XIV,  fig.  2,  shows  &  characteristic  growth  of  it  on  the 
Humboldt  bottoms  near  Winneuiueca.  The  picture  wfla  taken  from  a  cloaely  cropped 
]iaHture  of  the  same  rthsh. 

Canaiiiax  rve  RRABa  {Eljpma  canademw). — Common  and  fumiabinft  a  fmat  deal 
of  pasture  in  the  edge«  of  thickets  and  along  streams,  especially  to  the  northward. 

Karlv  buncb  orans  {Eatonia  oblu«ala). — A  valuable  species  wherever  found,  but 
its  quantity  is  rather  limited  on  these  bottoms. 

Ikdian  millet  (&iocOHin  ciupidala). — A  low  bunch  grass  with  white,  woolly 
epikelets  and  very  dlvei^ent  and  usually  crooked,  irregnlsr  panicle  branches.  It 
inhabits  sandy  areas  skirting  the  river  bottoms  and  requires  a  loose,  porous  soil  for 
its  best  development  It  was  much  more  abundant  in  former  times  than  it  is  now. 
The  readiness  with  which  it  is  eaten  and  the  loooe  soil  in  which  it  grows  render  it 
very  susceptible  to  injury  from  overstocking.  It  was  pointed  out  to  us  on  SAveial 
occasions  as  having  been  a  very  valuable  grass  at  one  time,  but  now  it  is  of  little 
importance. 

Crebpino  ERAGSOaris  {Eragrotliii  hyptuiideg). — A  prostrate,  creeping  annual  which 
furnishes  some  pasture  in  low,  wet  places. 

Slendbb  fbbc[:b  {Fettvca  iictoJUrra). — A  small,  short-leaved,  annual  grass  which 
grows  early  in  the  spring,  and,  after  maturing  a  large  crop  of  seed,  dies  with  the 
approach  of  dry  weather.  The  spcciee  is  to  this  r^ion  what  the  six  weeks  gnss 
{Boutrloua  arviUdoida)  is  to  the  Arizona  deserts.  The  latter,  however,  grows  in  July 
and  .\uguBt  instead  of  in  the  spring.  It  is  common  all  over  the  meeaj«gion  between 
the  lowland  and  the  higher  foothills  and  doubtlees  furnishes  much  feed  eitrly  in  the 
season.  It  is  usually  considered  of  practically  no  value.  We  found  it  especially 
■   abundant  in  the  lower  foothills  in  southern  Or^on. 

Bheef  yeacvK  (Fatucaovina). — Reference  has  been  made  to  this  valuable  moun- 
tain species  in  several  places  on  previous  pages.  As  a  pasture  grass  it  is  one  of  the 
most  import&rtt  ot  the  native  species.  It  is  certainly  surpassed  by  none  in  either 
the  quality  or  quantity  of  feed  produced,  unless  it  be  Buckley's  blue  grass.  It 
has,  in  this  region,  two  well-marked  and  distinct  forma  which  are  as  di&eient  in 
their  habits  as  in  their  general  appearance  in  the  field.  One,  which  is  entirely 
smooth,  occupies  the  areas  of  the  mountains  situated  .between  the  upper  foothills  and 
the  higher  elevations.  In  the  lower  portion  of  this  area  it  is  mixed  with  Bnckley'« 
blue  grass,  but  higher  up  there  are  large  areas  upon  which  practically  no  other 
grasses  grow.  The  other,  growing  on  the  highest  elevations,  is  the  typical  glaucus 
form  of  the  Rocky  Mountain  region.  Magnificent  areas  of  this  form  were  eeen  in  the 
vicinity  of  Bartlett  Peak  and  in  the  Pine  Forest  Mountains.  In  the  former  locality 
there  were  stretches  on  the  top  of  the  mountains  above  the  snowdrifts  a  mile  in 
extent  where  there  was  practically  no  other  grass.  Only  two  small  areas  were  found 
which  had  not  been  pastured. 

Cut  grass  (ffomalocendinu  orya)id€»].—ThiBiB  common  on  ditch  banks  and  along 
streams  from  the  Malheur  Lake  region  north.  It  was  not  collected  south  of  this 
point    It  is  pastured  somewhat,  but  can  not  be  considered  of  much  value. 

SQUIRREL  TAIL  GRASS  {Hordetim  juboium). — Usually  this  species  is  considered  a  vile 
weed  and  is  a  great  detriment  to  many  native  hay  meadows  of  this  region-  But 
while  this  is  true,  it  also  fumishee  a  large  quantity  of  excellent  pasture  in  many 
regions.  On  the  Malheur  Lake  bottoms  there  are  thousands  of  acree  where  almost 
no  other  grass  grows.  On  the  open  range  it  was  invariably  cropped  close  to  the 
ground.  An  occasional  fenced  area  showed  wonderful  stands  of  it.  One  field  seen 
would  certainly  have  cut  a  ton  of  this  grass  to  the  acre.  The  analysis  of  the  bchI 
samples  taken  from  this  region  shows  that  it  develops  to  the  best  advantage  on  soils 
which  do  not  contain  alkali  in  quantities  injurious  to  cultivated  crops;  it  is  certainly 
neither  so  bard  nor  so  compact  as  the  soil  in  the  surrounding  and  contiguous  areas 
where  salt  grass  abounds. 
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H   Malheur  Lake  Bottoms, 


Fig.  2.  A  Patch  of  Tulc  on  Malheub  Lake  Bottoms.  Oregon. 

Tbe  tuHm  isi  sMiiiiiiiK  [ii  u  pnii'li  c>[  biir-rinl  (S|iHrKHiiiini). 
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Meadow  baklby  {Hordevm  nodtwum).— The  bearded  frnita  of  this  are  probably 
not  injurious  to  stock  which  eat  it;  at  least  no  poeitive  records  are  at  hand  of  its 
doing  any  injury  in  this  way.  It  enters  into  the  composition  of  the  hay  very  largely 
in  many  native  meadows.  Among  shrubbery  on  the  bottom  it  makes  a  very  tall 
growth,  and  in  such  localities,  where  the  mower  can  not  be  used,  it  enters  largely  into 
the  composition  of  the  winter  pastures. 

Sbasidk  baklxy  [Hordeam  jnarilimwm)  and  Wall  babley  {Hardeum  marinum) 
are  shorter  lived  than  the  other  two  species  and  are  therefore  of  \eea  value.  They 
furnish  some  pasture  early  in  the  season,  but  usually  are  as  little  prized  as  the  slender 


pRAiBiB  JUNB  QKASS  {KoUria  critkUa). —TbiB  is  distinctly  a  mountMn  grass  in  this 
rc^oD.  It  usually  grows  to  best  advant^^  in  the  rich  soils  of  rocky  gulch  sides, 
where  it  often  forms  from  one-e^hth  to  one-siztb  of  the  pastun^e. 

BciAocs  MBLic  ORASS  (Jf-rficfl  bdlo)  .—A  very  common  species  with  a  bulbous  base 
resembling  that  of  the  common  cultivated  timothy.  It  is  never  very  abundant,  but 
grows  rather  sparingly  among  mountain  stunbbery,  where  it  furnishes  good,  although 
limited,  pastuiage. 

Udhlbnbeboias  (Mviiienbergia  comata  and  M.  ayZvofica).— Coduuod  along  streams 
in  protected  places  and  along  irrigating  ditches,  and  furnish  a  limited  quantity  of 
pasturt^. 

Rbbd  ubahow  grass  {Famcularia  americana) . — A  swamp-land  species  which  ocea- 
aonally  furnishes  a  little  hay,  but  which  is  of  most  value  as  a  pasture  grass.  It  is 
abundant  along  the  Malheur  River  and  its  tributaries. 

Manha  gbasb  ( PaniculaTla  paacijiora) . — More  of  a  mountain  form  than  the  former 
species.  It  is  always  present  in  wet,  rich  soil,  along  streams.  In  the  White  Horse 
and  I^ne  Forest  mountains  it  was  especially  abundant 

Barnvaed  ORASS  {Panicwn  crut-gaUi  and  the  variety  muticum). — While  common 
in  wet  and  waste  places  all  through  the  region,  it  was  nowhere  so  abundant  as  on  the 
Harper  lanch,  40  miles  above  Ontario,  Or^.,  on  the  Malheur  River.  It  was  con- 
sidered a  bad  weed  here  because  it  had  taken  possession  of  a  first-year  field  of  alfalfa. 
Fl.  XVI,  fig.  1,  shows  a  volunteer  crop  of  it  in  this  vicinity.  The  failure  was  evi- 
deatly  not  caused  by  the  development  of  this  giasa,  but  was  due  in  the  largest 
measure  to  overirrigatiou,  water  having  stood  on  a  poriiou  of  the  field  for  from  two  to 
five  days,  according  to  reports.  This  furnished  just  the  condition  necessary  tor  the 
growth  of  this  grass,  and  at  the  same  time  one  which  was  fatal  to  the  alfalfa.  The 
lower  areas  io  this  field  yielded  at  least  2  tons  of  dry  hay  per  acre  of  this  grass. 

Bebd  canary  grabs  {Phalari»  anmdinacea). — A  tall,  handsome,  lowland  species, 
often  called  wild  timothy.  It  is  frequent  all  tbroi^h  the  r^on,  but  apparently  of 
little  importance  as  a  hay  grass.  It  furnishes  some  pasture  amoi^  the  tule  patches 
and  sedges  and  rushes  on  the  lower  bottoms. 

MoumAiH  TIMOTHY  [Phleam  alpinum) . — This  is  a  very  valuable  grass,  difiering  but 
little  in  ordinary  appearance  from  the  common  cultivated  species,  except  in  uze.  It 
furnishes  a  great  deal  of  pasture  in  the  moist  mountain  meadows  all  through  the 

Bbsd  OBass  (PhraffiaHa  vatgarig). — This  was  found  in  but  one  locality,  and  that 
along  Bartlett  Creek,  some  distance  up  the  mountains  from  the  upper  end  of  the 
Blaak  Rock  Desert. 

Buczisv'b  blcb  obass  I.  Poo  btKXUyana) . — This  common  "bnnch"  gras  is  one  of 
the  most  important  native  pasture  species.  It  grows  from  the  lower  foot  hills  to  the 
mountains  and  fnmishee  pasture  much  earlier  than  the  fescues  of  the  higher  elevations. 
No  distinction  appears  to  be  made  here  between  these  two  grasses,  both  the  blue 
grasses  and  the  fescues  being  designated  by  the  term  "bunch  grass."  It  grows 
almost  pure  on  the  lower  elevations,  but  higher  up  it  is  ralxed  with  the  smooth  form 
of  sheep  feecue. 
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fiiTNCH  BLUE  GBAas  [Poa  lotvi^ota). — A  Bmootfa,  erect,  light-colored  gniH,  related 
to  the  Kentucky  hlue  graae.  It  inhabits  the  drier,  nonalkaline  bottoms,  and  is  a  very 
excelteot  Hpecies  for  both  hay  and  posture.  The  meadows  of  it  which  were  seen  were 
very  uneven,  due  no  donbt,  in  a  large  measure,  to  overpastorage.  Many  Bmall  araaa  on 
Uie  bottoms,  however,  would  out  ose  to  one  and  a  half  tons  per  acre.  The  epecieB  is 
a  very  prominng  one  for  cultivation  and  the  seed  is  easily  gathered.  The  quality  of 
both  the  hay  and  the  pastnrt^ce  furnished  by  it  is  excellent.  The  bay  is  much 
superior  to  that  furnished  by  wild  wheat  {Elifmtu  trilieoitU*) ,  but  the  yield  is  much 

Kbvada  blub  ORAsa  {Poa  nevadaura) . — This  bandaome,  bunch,  glaucus  blue  grass 
is  confined  mainly  to  the  monntuns  in  this  region.  Occamonally  a  little  of  it  may 
be  found  on  the  lowlands,  but  the  quantity  here  is  very  small.  It  furnishes  mDcb 
pasture  on  the  broad,  gentle  slopes  in  Steins  Mountains,  as  well  as  on  the  rocky, 
steep  canyon  aides. 

Wood  wkadow  orasb  (Poa  nemorali*). — A  common  species  in  some  mountains,  but 
of  little  importance  compared  with  the  Bocky  Mountain  n^n. 

Kemtccky  blub  obass  (Poa  protentM). — Forms  of  this  valuable  pasture  and  hay 
grass  are  conunon  throughout  the  re^on  from  the  lowlands  to  the  high  mountains. 
It  was  of  greatest  importance  in  the  epur  of  the  Blue  Mountains,  north  of  Bums, 
Oreg.,  where  with  Prairie  June  grass  (KoUria  crittaia)  and  Nevada  blue  gntsa  {Poa 
nevademit)  it  formed  in  pine  clearings  in  many  places  the  entire  grass  forage.  These 
three  species  were  found  here  iu  about  equal  quantities. 

Whbbleb's  blub  orasb  (Poa  wkeeleri). — This  species  is  often  found  with  Buck- 
ley's blue  grssB  in  the  lower  mountain  canyons  and  ravines.  It  furnishes  excellent 
feed  for  both  cattle  and  sheep.  It  was  especially  abundant  in  Steins  Mountains  on 
the  sides  of  T^er  and  Blitzen  gorges. 

Bbabd  aitAen  {Polypogon  mompeliensit) . — Although  an  annual,  this  is  a  very  impor- 
tant species  on  all  lowlands.  It  furnishes  a  large  amount  of  pasture  and  entera  into 
the  composition  of  the  hay  to  a  considerable  extent.  In  some  meadows  examined  it 
formed  a  fourth  of  the  crop.  The  green  feed  is  relished  by  stock  and  the  hay  when 
cut  early  is  of  good  qoality,  though  rather  light  PI.  XVI,  dg.  2,  shows  Arisona- 
grown  plants  of  this  species. 

Alkali  grasskb  (Piuxindlia  airciide*  and  P.  fcmmoni). — These  species  are  not  so 
abundant  and  important  in  this  region  as  one  would  expect.  They  were  found  all 
through  the  region,  but  never  in  such  quantities  as  along  the  Yellowstone  River  or  in 
the  Flathead  Valley  in  Montana.    The  bet!t  growth  seen  was  near  Andrews,  Oreg. 

Spranoletop  (ScoUichUia  fagtwxKea) . — This  tall,  bushy-topped,  broad-le«ved  grass 
was  not  seen  except  on  the  Malheur  Lake  bottoms,  where  itforms  tremendous  quan- 
tities of  bay.  It  is  a  common  species  in  low,  wet  meadows  from  Iowa  to  Nebraska 
northward,  but  it  is  not  usually  considered  of  much  value  as  a  hay  grass.  In  certain 
places,  however,  in  the  general  depression  of  the  low,  swampy  ground  in  eastern 
South  Dakota,  especially  in  the  vicinity  of  Clark,  large  quantities  of  hay  are  yielded 
by  it  in  dry  seasons.  It  is  rather  astonishing  that  it  should  be  found  agtun  in  this 
place  in  such  large  quantjties.  Quite  extensive  areas  of  it  were  seen  which  would 
yield  three  tons  of  hay  per  acre.  PI.  XV,  fig.  1,  shows  a  typical  area  fully  headed 
out.  In  the  foreground  it  is  lodged  and  mixed  with  bur-reed  {^xirganum  furjr- 
(OTpUTn).  Its  habits  of  growth  are  similar  to  many  of  the  valuable  grasses  of  this  and 
the  Plains  r^on,  inasmuch  as  it  develops  by  creeping  rootstocka,  and  very  often 
does  not  head  out  at  all.  This  occurs  in  dry  years  and  in  the  drier  portions  of  the 
meadows  in  wet  years.  We  drove  through  a  half-mile  atretch  of  it  in  one  place  on 
the  Island  ranch  where  the  stand  was  fairly  thick,  2  to  3  feet  high  and  yielding  2  or 
3  tons  of  hay  per  acre  of  very  .sir  quality,  although  rather  coarse  and  light  The 
bay  being  harvested  as  shown  in  PI.  VIII,  fig.  2,  is  composed  almost  entirely  of 
this  gran  and  prairie  bulrush  (Scirput  oampegtrit) . 
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Fig.  2.— Beard  Grass,  from  Photograph  of  Plant  gaowpno  near  Tucson, 
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Obchard  bablbt  (SiUmum  longi/olium,  S.  ciii«runt,  and  S.  ftj^tm-).— The  flret 
named  is  the  most  imporUuit.  It  ie  abundant  all  through  the  mountains  and  extends 
down  to  the  nppec  bottoms.  In  regions  frequented  by  Bheep  it  was  invariably 
cropped  the  eame  as  other  grasses.  Cattle,  however,  do  not  appear  to  feed  upon  it 
so  much.  S.  cinenan  is  a  common  species  which  famishes  some  feed  in  the  open 
clearinfcs  in  the  Blue  Mountains,  and  S.  hytlrix  is  a  mountain  species  which  was  col- 
lected only  in  the  Pine  Forest  Hountaina.  Here,  however,  it  appeared  to  be  grazed 
fully  as  much  as  S.  hmgi/olium. 

Shall  cokd-grass  {Spartina  ffracUig). — An  erect,  rigid,  wiry  speciee  common  on 
all  low  alkaline  meadowa.  It  is  commonly  found  with  salt  grass  and  alkali  saccaton. 
The  little  pasture  which  it  fumiehea  is  probably  but  slightly  superior  to  the  salt  grass 
itself.     We  found  the  greatest  quantity  of  it  in  the  Alvord  Desert  basin. 

Alkali  saccaton  {SporobolusaiToida). — A  very  characteristic  and  often  abundant 
species  on  the  low,  alkaline  areas.  According  to  soil  sample  taken  north  of  Denio, 
Dreg.,  it  grows  on  the  white  rather  than  the  black  alkaline  soil.  This  corresponds 
with  obseirations  made  in  Arizona.  Its  habit  of  growth  in  this  region  is  very 
similar  to  the  appearance  it  preeente  in  the  Yellowstone  Valley  in  Montana.  In  the 
Sulphur  Spring  Valley  in  Arizona,  however,  it  grows  very  often  to  twice  the  height 
that  it  does  here.  For  a  rigid,  tufted  grass  it  appears  to  be  relislied  by  cattle,  and 
is  always  closely  cropped  here  on  the  open  range.  In  places  along  the  Humboldt 
River  it  enters  into  the  composition  of  the  hay  to  some  extent,  but  its  habits  of 
growth  render  it  of  more  value  for  pastore  than  for  hay. 

Ronoa-LEAVED  DROPHKED  {Sporobolvg  oiperi/oliiu) . — A  short,  bright' green  species, 
with  long,  creeping-root  stocks  and  a  delicate,  divaricate  panicle,  which  is  easily 
broken,  both  in  the  green  and  ripe  stales.  It  never  forms  hay,  but  is  an  important 
pasture  giase  on  many  of  the  drier  meadows. 

Dropsbed  (Sponiboliu  depauperaiiti).^Aa  abundant,  rather  wiry,  species  on  all  of 
the  drier  bottoms.  It  oft«n  grows  large  enoi:^h  to  be  cut  for  bay  in  bvoisble  years, 
but  its  main  value  is  for  pasture,  of  which  it  furnishes  a  large  amonnL 

Nebdlb  orass  {St^  eomata). — This  species,  so  abundant  and  important  in  all 
the  pliune  region,  grows  here  most  commonly  on  the  lower  mesas  among  the  sage- 
brush. It  is  never  abundant  enoi^h  to  form  even  a  tenth  of  the  soil  cover,  but  the 
stray,  luxuriant  hunches  of  it  form  feed  that  is  highly  relished  by  stock. 

Small  negule  orass  {Stipa  minor). — An  abundant  species  among  shrubbery  and 
on  shady  slopes,  especially  in  Steins  Mountains.  It  forms  here  much  valuable  pas- 
ture. It  never  grows  thick,  but,  like  other  Bi>ecies  which  inhabit  bushy  localiUes,  it 
grows  in  scattered  hunches  among  the  other  vegetation. 

Nelson's  nbbdlb  grass  {Slipa  neUoni). — A  common  species  in  the  White  Horse 
Mountains,  but  never  abundant  enough  to  be  of  very  much  importance.  The  feed 
which  it  does  produce  is  of  good  quality. 

WmTKBN  NBKDLB  ORASS  (Stipa  occidenUUu). —Common  and  conspicuous  in  the 
mountains.  It  grows  in  large  bunches  much  like  the  feather  hunch  grass  of  the 
plains  r^on,  and  the  quality  of  its  feed  is  very  similar  to  the  latter. 

Downy  oat  orass  (Trketum  gtibspkatum). — This  furnishes  a  limited  quantity  of 
good  pasture  in  the  edges  of  thickets  in  Steins  Mountains. 

SUUKABT. 

(1)  The  public  ranges  of  the  region  are  in  many  places  badly  depleted, 
and  furnish  at  the  present  time  not  over  one-third  of  the  feed  -which  they 
once  did.  This  is  directly  traceable  to  overstocking,  and  it  does  not 
appear  clear  how  matters  will  improve  in  this  respect  in  the  near 
future  as  long  as  there  is  no  inducement  for  anyone  to  do  aught  but 
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get  all  he  can  out  of  the  little  that  the  couotry  does  produce.  The 
areas  of  absolutelj-  depleted  range  on  the  mountains,  the  most  pro- 
ductive of  any  in  the  region  and  really  the  only  grazing  grounds,  are 
rapidly  increasing.  The  large  stretches  of  country,  especially  in 
Steins  Mountains,  cleared  of  all  semblance  of  forage  during  the  past 
summer,  will  not  produce  as  much  feed  next  year  as  they  did  this  with 
the  same  climatic  conditions;  and,  with  the  present  practices,  which 
bid  fair  to  continue,  will  become  less  and  less  productive  each  succeed- 
ing year. 

In  such  rough  mountains  and  stony  regions  no  method  of  improve- 
ment having  as  its  basis  cultural  operations  are  practicable.  The  only 
process  of  renovation  and  improveaient  of  any  kind  that  can  be  of 
utility  is  one  that  aims  to  control  the  pasturing  in  such  a  way  as  not 
to  injure  the  stand  of  grass.  The  whole  question  of  preservation  and 
maintenance  of  native  pasturage,  therefore,  is  an  administrative  one. 
In  regions  which  have  suffered  most  from  a  lack  of  such  administra- 
tion, such  aa  the  grazing  areas  of  the  Southwest,  the  native  grasses 
and  other  more  valuable  for^e  plants  have  been  almost  exterminated 
and  their  places  supplied  by  weedy  growths  of  much  less  value.  For- 
tunately such  transformations  are  slow  to  occur,  but  they  are  very 
difficultly  remedied  when  once  established. 

(2)  Clearing  the  ground  of  grass  is  not  the  only  evil  effect,  as  is  well 
known.  The  destruction  of  the  shrubbery,  all  too  scanty  in  this 
region,  has  a  potent  influence  on  the  lowland  meadows  and  tiie  moun- 
tains themselves,  both  in  relation  to  the  conservation  of  moisture  and 
the  protection  of  the  surface  soil  from  the  erosive  action  of  water. 
The  destruction  of  the  vegetation  means  vastly  more  than  simply 
depriving  cattle  of  food  in  the  particular  locality  where  close  pas- 
turing is  practiced. 

(3)  The  lowland  meadows  which  yield  crops  of  wild  wheat  or  blue 
stem  would,  without  doubt,  be  greatly  benefited  by  simple  cultural 
operations,  even  though  no  seed  were  sown.  This  grass,  propagating 
as  it  does  like  the  wheat  grasses  of  the  plains  region,  by  means  of 
creeping  root  stocks,  would  receive  a  great  stimulus  by  having  these 
undei^ound  stems  cut  at  intervals,  and  by  stirring  up  the  ground, 
which  becomes  very  hard  during  the  summer,  and  is  still  more  effectu- 
ally packed  by  the  trampling  of  cattle  during  early  winter  and  spring. 
The  seed  of  this  grass,  very  easily  collected,  probably  grows  only  to 
a  very  limited  extent  under  present  conditions,  but,  with  light  disking 
or  harrowing,  it  might  be  used  with  profit  to  strengthen  areas 
which  have  become  weakened  by  repeated  cutting  and  overstocking. 
There  is  no  doubt  that  shallow  disking,  with  a  little  scattering  of  seed  of 
this  grass,  would  very  materially  improve  many  of  the  native  meadows. 
The  areas  which  receive  treatment  would  have  to  be  very  carefully 
selected,  however.     There  would  in  all  probability  be  very  little  use  in 
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attempting  to  secure  a  stand  of  this  grass  all  over  the  native  meadows, 
but  the  areas  Tvbicli  now  pi-oduce  some  of  this  species,  and  formerly 
produced  much  more  feed  than  they  do  now,  might  be  greatly  improved 
in  this  way.  The  same  would  apply  with  equal  force  to  areas  which 
produce  bunch  blue  grass  {Poa  Umngata)  and  giant  rye  grass  {Elymus 
coTtdenaatua),  although  the  habits  of  growth  of  these  grasses  are  veiy 
different.  The  seed  of  the  giant  rye  grass  is  easily  gathered,  and, 
when  not  too  badly  affected  by  ergot,  grows  well.  In  an  ordinary 
locality  one  man  can  gather  a  hundred  pounds  of  clean  seed  of  this 
grass  in  a  day,  using  no  other  implement  than  an  ordinary  grass  hook 
for  the  purpose.  A  vigorous  man  would  have  little  difficulty  in  gather- 
ing fifty  pounds  of  the  seed  of  wild  wheat  in  a  day  in  at,  least  three 
localities  which  we  visited.  It  will  be  seen  that  this  makes  very  cheap 
grass  seed  compared  with  the  ordinary  commercial  species. 

(4)  Redtop  (Agroatia  alba),  already  established  in  places,  could 
without  doubt  be  more  extensively  introduced  in  many  of  the  moister 
bottom  lands.  Instances  have  been  cited  where  it  was  making  a  good 
crop,  and  it  will  without  doubt  grow  well  on  the  lowlands  wherever 
the  native  clovers  abound.  It  is  one  of  the  most  promising  plants  for 
the  improvement  of  portions  of  the  bottom  lands.  Mo  finer  quality 
of  hay  could  be  desired  than  that  which  is  furnished  in  localities  at 
the  present  time  by  this  grass  and  the  native  clovers. 

{5)  Mention  has  been  made  several  times  of  the  peculiar  "patchy" 
condition  of  the  native  meadows  and  of  the  fact  that  the  largest  yield 
of  forage  is  from  plants  which  make  hay  of  an  inf  enor  quality,  such 
as  the  rushes,  sedges,  and  wire  grasses.  The  cause  of  this  condition 
is  in  many  cases  absolutely  beyond  economical  control  at  the  present 
time.  It  is  due  largely  to  the  effect  of  a  too  abundant  supply  of  water 
in  the  early  spring  with  practically  none  during  early  summer.  Being 
located  in  the  lower  depressions  in  the  basins,  these  lands  can  not  be 
drained  except  at  prohibitive  prices  to  the  majority  of  the  holders. 
Where  these  lands  can  be  drained  without  tod  much  expense  they 
could  without  doubt  be  made  to  yield  more  forage  of  a  better  quality 
than  they  do  now.  Either  storing  the  spring  flood  waters  and  apply- 
ing them  later  in  the  season  or  draining  the  low,  swampy  areas  would 
produce  beneficial  results.  Several  instances  of  drainage  on  a  small 
scale  with  beneficial  results  were  called  to  our  attention.  The  French- 
Glenn  Company  was  installing  a  large  dredging  machine  to  be  used  in 
the  Malheur  basin  when  we  were  in  the  region, 

(6)  There  are  several  conditions  which  interfere  with  the  culture  of 
alfalfa  in  this  region,  the  first  and  foremost  being  too  little  water  and 
improper  methods  of  applying  it.  Other  difficulties,  however,  are 
more  under  the  control  of  the  rancher  and  can  usually  be  either  avoided 
or  ohriated,  namely,  poor  drainage  and  too  much  alkali  in  the  soil. 
Usually  there  is  an  abundant  supply  of  water  in  early  spring,  and 
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of  course  there  is  a  temptation  to  use  it  too  freely  at  this  season, 
often  resulting  in  allowing  the  fields  or  portions  of  them  to  remain 
flooded  for  three  days  or  more  at  a  time.  In  a  number  of  instances 
attempts  were  being  made  to  secure  a  stand  of  alfalfa  on  land 
which  evidently  contained  considerable  quantities  of  salt.  While  it 
ha.s  been  demonstrated  that,  when  once  established,  this  crop  will  thrive 
in  more  alksli  than  will  serve  to  effectually  prevent  germination,  or  at 
least  to  destroy  the  young  seedlings,  it  is  doubtful  whether  the  effort 
to  secure  a  stand  in  such  land  without  treatment  for  the  purpose  of 
neutralizing  the  effect  of  the  salt  is  warranted.  The  sowing  of 
alfalfa  on  poorly  drained  land  often  results  in  disappointment.  This, 
however,  ie  usually  of  no  consequence  on  black  sage  (ands,  for  the 
drainage  here  is  usually  good,  and  whatever  failures  occur  on  such 
soils  arc  due  more  often  to  improper  preparation  of  the  land,  resulting 
in  inability  to  properly  distribute  the  water.  In  such  cases  some  por- 
tions receive  too  little  water,  while  in  others  it  is  allowed  to  remain 
long  enough  to  destroy  the  crop.  The  latter  is  especially  likely  to 
occur  in  the  spring  of  the  year,  when  the  flood  waters  are  abundant 
and  there  is  a  liability  to  desire  to  use  them  as  mnch  as  possible.  It  is 
doubtful  whether  alfalfa  can  be  grown  to  the  best  advantage  on  the 
lower  bottoms,  mainly  on  account  of  poor  drainage.  One  or  two  fields 
planted  in  such  localities  were  carefully  studied,  and  from  informatioa 
received  concerning  them  it  was  learned  that  the  land  needed  reseeding 
much  oftener  than  better-drained  areas.  The  lower  bottoms  are  much 
better  adapted  to  growing  redtop  and  timothy. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Dbpartmkxt  ok  Agricllture, 

Bureau  of  Plant  Industbt, 

Office  of  tiie  Chief, 
Wa^/,l»f/f'm,  D.  a,  January  )i9.  1902. 
Sir:  I  have  the  honor  to  transmit  herewith  a  jiajwr  entitled  A  Pre- 
liminary Study  of  the  (Jerniination  of  the  SjKjreMof  At/nrlcix  ctimptntris 
iind  other  Ba-sidiomyeetoiis  Fungi,  and  respectfully  rerommend  that 
it  be  puhlished  as  Bulletin  No.  Iti  of  the  Bureau  series.     The  paper 
was  prepared  by  Dr.  JIargaret  C.  Ferguson  ut  Cornell  University,  and 
was  submitted  by  the  Pathologist  and  Physiologist. 
Respectfully, 

B.  T.  Gai,i.owat. 

Vhli-fof  liun-rni. 
Hon,  James  Wilson. 

Secrdiiry  of  AgriciiUurL: 
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PREFACE 


Recent  investigations  undei-taken  ,by  Dr.  B.  M.  Duggar,  of  this 
Office,  show  that  there  is  a  large  and  growing  consumption  of  Diush- 
roonis  for  food  in  this  country.  As  a  rule  the  use  of  wild  speties  of 
mushrooms  is  fairly  safe  where  the  collector  knows  which  to  take  and 
which  to  avoid,  but  for  the  unskilled  collector  the  cultivated  product 
is  much  safer.  This  countrj'  impoi'ted  last  year  about  3,000,000  pounds 
of  canned  mushrooms  and  practically  all  the  spawn  used,  but  there  is 
DO  reason  why  we  should  not  grow  our  own  spawn  and  produce  our 
own  mushrooms.  However,  there  are  many  difficult  problems  to  be 
solved  before  the  industry,  which  is  comparatively  new  in  this  coun- 
tiy,  can  be  developed  on  the  basiri  of  accurate  knowledge.  The  pro- 
duction of  pure  spawns  of  high  vitality  is  one  of  the  most  important 
requirements,  and  should  receive  special  attention.  The  accompanying 
paper  is  the  result  of  work  in  this  line  undertaken  and  completed  by 
Dr.  Margaret  C.  Ferguson  at  Cornell  Univei-sity  dunng  the  session 
of  1900-1901,  under  the  direction  of  Dr.  B.  M.  Duggar,  then  assistant 
professor  of  plant  physiology  in  the  university,  and  now  a  plant,  phys- 
iologist in  this  Office.  Although  technical,  the  paper  bears  directly  on 
lines  which  are  being  developed  in  this  Office,  and  will  form  the  basis 
for  future  work  having  for  its  object  the  growing  of  pure  virgin  spawn. 
Work  of  this  nature  and  its  practical  application  are  necessary  for  the 
better  development  of  the  mushroom  industry  in  this  country. 
Albert  F.  Woods, 
Pathologist  and  Physiologist. 

Office  of  the  Pathologist  and  Physiologist, 
Washington,  D.  C,  Jativaiy  29,  1902. 
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A  PMLIMISARY  STUDY  OF  THE  GERMBATIOS  OF  TBE  SPORES  OF  AGARICUS 
CASIPESIRIS  ASD  OTHER  BASIDIOU'CETODS  FIKGI. 


INTXOD'UCTION. 

During  the  past  century  many  students  have  attempted,  with  varying 
degrees  of  success,  to  germinate  the  spores  of  the  Basidiomycetous 
fuugi.  While  some  of  these  investigators  have  been  able  to  geiminate 
the  spores  of  miin3"of  the  llasidiomycetous  fungi,  their  results  with 
this  group  of  plants  have  somehow  failed  to  be  of  value  in  other 
departments  of  botanical  research.  The  spores  of  the  Basidiomycetes 
are  seldom  used  to-day  for  cultural  purposes.  Neither  have  the  suc- 
cessful experiments  with  edible  forms  become  of  widespread  economic 
importance,  for  the  French,  who  alone  seem  to  have  been  successful  in 
germinating  the  spores  of  the  common  edible  mushroom,  Ayaricus 
camp^tris,  keep  their  methods  seci-et. 

That  the  results  of  earlier  investigators  along  this  line  have  not 
received  a  wider  application  is  probabi}'  due,  in  large  measure,  to  the 
fact  that  they  have  treated  this  question  almost  exclusively  from  the 
standpoint  of  development  and  morphology.  As  will  be  seen  from 
the  history  given  at  the  close  of  this  bulletin,  the  object  of  the  student 
has  been,  as  a  rule,  to  germinate  the  spores  that  the  life  history  of  the 
plant  might  be  studied.  Thus  the  special  conditions  controlling  ger- 
mination in  the  Basidiomycetes  have  been  almost  totally  neglected. 
In  a  recent  paper  by  Duggar  (liWl),  the  question  of  spore  germination 
has  been  considered  in  an  entirely  different  way  from  that  of  the  earlier 
investigators.  His  aim.  us  expressed  in  the  introduction,  was  to 
determine  in  so  far  as  possible  the  special  factors  which  influence  the 
germination  of  certain  fungous  spores. 

It  was  for  the  purpose  of  learning  somewhat  more  regarding  the 
conditions  under  which  germination  occurs  in  the  Basidiomyceteis,  and 
especially  in  Af/nricits  cnmju-iiti-in,  that  this  study  was  undertaken  at 
the  suggestion  of  Professor  Duggar.  The  task  has  not  proven  an  easy 
one,  and  after  nine  months  of  almost  constant  application  much  still 
remains  to  be  done,  although  some  results  of  considerable  importance 
have  been  obtained.     I  regret,  therefore,  the  necessity  of  publishing 
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at  this  point,  but  circumstances  are  such  as  to  render  it  impossible  for 
me  to  continue  the  Trork  further. 

As  already  indicated,  this  study  has  been  carried  on  under  the  direc- 
tion of  Prof.  B.  M.  Duggar  at  the  botanical  laboratory,  Cornell  Uni- 
versity, and  it  is  with  pleasure  that  I  acknowledge  my  indebtedness 
to  him  for  his  many  helpful  suggestions  and  his  constant  and  kind 
assistance. 

KBTHODS. 

It  will  be  readily  understood  that  it  is  difGcult — almost  impossible— 
to  obtain  basidiospores  in  an  absolutely  pure  condition.  By  observing 
certain  precautions,  however,  it  is  possible  to  get  these  spores  in  such 
a  state  of  purity  that  contaminated  cultures  occur  but  rarely  in  steril- 
ized media,  and  never  in  sufficient  number  to  be  a  serious  hindrance 
to  the  study  of  germination. 

Before  collecting  material,  Petri  dishes  were  prepared  for  the  recep- 
tion of  the  spores.  After  these  dishes  were  thoroughly  cleaned,  white 
paper  was  fitted  into  the  bottom  and  a  piece  of  abs^bent  cotton  placed 
over  the  top  of  each  dish.  The  cover  dishes  were  put  on  and  the  cot^ 
ton  was  trimmed  off  with  scissors  until  it  wa.s  even  with  the  outer  edge 
of  the  covers.  The  dishes  were  then  steiilizcd  in  a  dry  oven  and  set 
aside  for  later  use.  If  it  happened  that  sevei-al  days  elapsed  before 
these  dishes  were  needed,  they  were  again  sterilized  immediately  prior 
to  their  use. 

Sporophores  were  collected  just  as  the  veil  was  about  to  break,  when 
one  was  present,  and  again  when  the  pileus  was  fully  expanded,  or 
nearly  so.  Spores  from  fruit  bodies  which  showed  traces  of  disinte- 
gration wei-e  not  found  to  be  satisfactory.  The  sporophores  were 
wmpped  in  tissue  paper  and  taken  at  once  to  the  culture  room.  The 
margin  and  outer  covering  of  the  pileus  were  removed  with  sterilized 
forceps  and  scalpel.  The  pileus  was  cut  into  thirds  or  fourths,  and 
the  pieces,  separated  from  the  stipe  with  the  forceps,  were  in\'erted 
in  the  previously  prepared  Petri  dishes.  During  this  process  the 
forceps  and  scalpel  were  repeatedly  i-esterilized  in  a  Bunsen  fiame. 
The  time  required  for  obtaining  good  spore-prints  varied  from  four  to 
twelve  hours,  depending  on  the  species  and  on  the  maturity  of  the  fruit 
bodies  when  collected.  After  removing  the  pilei,  the  Petri  dishes  were 
packed  away  in  a  cool,  dark  place.  In  this  manner  spores  were  kept 
in  good  condition  for  many  months.  With  gelatinous  forms  the  spores 
were  obtained  by  washing  the  mass  with  sterilized  distilled  water,  and 
then  rubbing  bits  of  this  mass  on  sterilized  cover  glasses  by  means  of 
a  platinum  needle.  These  cover  glasses  were  stored  in  Petri  dishes  in 
the  same  manner  as  were  the  spore-prints,  and  when  tested  for  ger- 
mination a  drop  of  the  culture  medium  was  placed  directly  upon  the 
smeared  part. 

The  hanging  drop  cultures,  so  geuei-ally  used  in  such  work,  were 
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found  to  be  very  satisfactory  in  this  study.  The  methods  employed 
in  the  use  of  the  van  Tieghem  cell  were  such  &a  have  been  described 
in  detail  by  Clark  (1899)  and  by  Duggar  (1901),  and  need  not  he  repeated 
here.  In  a  laboratory  where  several  students  are  working  upon  phj'si- 
ological  problems,  the  space  in  the  thermostat  which  is  available  for 
each  student  often  becomes  much  limited,  and  the  question  of  economy 
in  the  use  of  that  space  comes  to  be  a  problem  of  considerable  impor- 
tance to  the  student.  The  writer  has  used  a  little  device  for  suppoi-t- 
ing  the  slides  which  has  proved  to  be  very  convenient.  By  means  of 
it  one  can  carry  through  a  large  number  of  cultures  at  once  without 
making  undue  demands  upon  the  thermostat.  A  description  of  this 
piece  of  apparatus  is  given  in  the  appendix  to  this  bulletin,  with  the 
thought  that  it  may  prove  useful  in  general  work. 

The  plant  decoctions  used  aa  cultural  media  were  made  up  accoi'ding 
to  the  following  formulas: 


titer  of  vnler. 

Green  bean  stems  or  pods 392 

Sugar  beeta 370 

Sporophores  o(  CahaHa  eyalhifonne 300 

Lepiola  naucijia  (sporophores  dried) 20 

PIfurolm  ottrentu*  {epoTophoreii  collected  Juat  after  a  rain) 400 

Copriniu  voniatui,  together  with  soil,  grass,  etc.,  in  which  it  was  growing TOO 

Ffefh  horse  manure : 85 

.\  strong  decoction  of  manure  was  also  made  from  manure  which 
had  Ijeen  fermented  and  was  just  ready  to  be  used  by  the  gardener  in 
making  up  a  mushroom  bed.  a 

The  beef  brath  used  was  made  after  the  formula  ordinarily  followed 
by  bacteriologists. 

The  sugar  solution  was  used  at  a  concentration  of  -■  . 

The  distilled  water  employed  in  the  expeiiments  was  always  redis- 
tilled from  a  glass  vessel  and  then  sterilized. 

Throughout  the  work  the  greatest  care  was  taken  to  preserve  the 
cultures  free  from  contamination  of  any  sort.  Unless  otherwise  stated, 
the  cultures  were  k<ept  In  a  light-proof  thermostat  at  a  temperature  of 
28^  ±  0.  For  the  sake  of  uniformity  in  making  up  the  cultures  for  a 
given  test,  large  numbera  of  spores  were  first  transferred  from  the 
M|K>re-prints  to  a  drop  of  distilled  water  on  a  sterilized  cover  glass. 
The  cover  was  kept  inverted  over  one  of  the  van  Tieghem  colls,  to 
which  it  was  fastened  with  vaseline,  during  the  intervals  when  spores 
wore  not  being  tmnsferi-cd  from  the  drop  to  the  cultures.  In  this 
way,  too,  the  djingcr  of  contamination  by  rciwiitedly  opening  the  Petri 
dishes  containing  the  spores  was  reduced  to  a  minimum.  I  have  used 
the  immber  lilt  to  indimte  perfect  or  almost  perfect  germination.  The 
large  numbers  of  spores  sown  in  each  culture  made  it  impossible  to  be 
sure  thiit  every  .ipore  had  ffcnninatcd,  and  hence  the  number  100  will 
not  appear  in  any  of  the  tiitiles  which  are  given  in  this  report. 
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SPORE  GEKMIMATION   {PRELIMINAET  STUDY). 

In  order  to  determine  the  desirability  of  certain  forms  for  cnltural 
purposes,  preliminary  teats  were  made  on  the  germination  of  the  spores 
of  a  number  of  species  including  representatives  of  several  families  of 
the  true  Basidiomycetes. 

The  results  of  this  preliminary  work  are  given  in  Table  I.  Of  all 
the  species  observed,  the  spores  of  Pvlyporm  hnimalis  undergo  the 
most  marked  changes  during  germination.  These  spores  swell  to  sev- 
eral times  their  original  size  and  become  almost  spherical  in  oatline 
before  putting  out  germ  tubes.  Usually  two  and  frequently  three 
tubes  arc  protruded  from  each  spore.  With  the  first  experiments 
observations  were  made  sixteen  hours  after  the  spores  were  sown,  and 
then,  as  a  rule,  twentj'-four  and  forty -eight  hours  later;  but  the  neces- 
sity for  I'unning  the  cultures  for  a  longer  time  gradually  l>ecame 
apparent.  Thus  it  came  about  that  the  time  at  which  the  last  exami- 
nations were  made  varied  much  throughout  this  earlier  work  and  is 
given  in  each  instauc  in  the  table.  In  every  case  the  highest  percent- 
age of  geiTOination  shown  by  either  duplicate  at  the  time  of  the  last 
examination  of  the  oultui-es  is  the  percentage  recorded. 

By  a  study  of  Table  I  certain  comparisons  may  l)e  made  with  regard 
to  the  amount  of  germination  on  various  media  and  at  dttferent  tem- 
peratures. Most  of  the  conclusions,  however,  which  may  be  drawn 
are  to  l)e  considered  iis  provisional  only.  More  than  one-third  of  the 
species  studied  germinated  in  distilled  water,  though  none  of  them 
showed  perfect  germination  in  this  medium.  Ninety  per  cent,  that 
recorded  for  PhlSitt  rwtiufa  and  Ilypliolotiui  appendlenlatum,  was  the 
highest  percentage  of  germination  ob,ser\'ed  in  distilled  water.  Copri- 
niii  i/ucaa-us,  leported  by  Duggar  (1901)  as  not  germinating  in  dis- 
tilled water,  gave  in  these  tests  tJO  |)er  cent  of  germination.  With  the 
exception  of  Jfi-nifius  treiiwUimtin  and  Pholiota  sp.,  every  form  which 
germinated  in  any  medium  gave  more  or  less  germination  in  distilled 
water.  It  would  appear  that  an  external  food  supply  is  necessary  for 
germination  in  these  two  species,  while  in  the  other  forms  showing 
germination  it  is  not  necessary,  though  it  certainly  enhances  the  power 
of  germination  in  these  spores,  as  shown  bv  the  higher  percentJigC!* 
obtained  in  nutrient  media.  Distilled  water  gave  almost  invariably 
somewhat  better  germination  than  tap  water. 
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The  inhibiting  effects  on  germinstion  of  a  temperature  of  ItJ^zfcC. 
was  much  more  marked  in  distilled  water  and  sugar  solution  than  in 
the  other  media.  Heald  (1898)  has  shown  that  in  the  case  of  fern  spores 
an  increase  in  temperature  can  be  substituted  for  the  stimulus  of  light, 
and  it  is  evident  from  my  experiments  that  in  some  of  the  Basidiomy- 
cetea  a  high  temperature  is  the  only  special  stimulus  required  to  pro- 
duce germination.  It  is  rather  significant  that  while  Hyphaloina 
appendicidatum  gave  90  and  75  per  cent  germination  at28'^±C.  in  dis- 
tilled water  and  sugar  solution,  respectively,  there  was  no  germination 
in  these  media  at  a  temperature  of  16^  ±C.  Thia  test  was  repeated 
three  times  with  duplicates,  and  in  only  one  case  was  there  any  ger- 
mination in  these  media  at  the  lower  temperature.  In  this  instance  15 
per  cent  of  germination  occurred  after  164  hours  in  distilled  water 
and  20  percent  in  sugar  solution.  In  thesame  tests  all  the  other 
media  gave  almost  perfect  germination  at  both  the  higher  and  the 
lower  temperature.  The  effect  of  a  high  temperature  in  the  absence 
of  all  food,  or  when  a  carbohydrate  alone  is  present,  is  certainly  very 
marked  in  this  case. 

In  all  the  forms  which  showed  germination,  with  the  exception  of 
Ilifpholoma  auNaterUium,  16^  C  is  below  the  optimum  temperature  for 
germination,  (iermination  was  not  only  much  retarded  by  this  loner 
tempemtui'e,  sometimes  having  l:>een  delayed  for  several  days,  but  the 
final  percentages  were  as  a  rule  slightly  lower.  In  many  cases  spores 
which  had  not  germinated  after  having  been  kept  at  the  lower  tempera- 
ture for  one  week  germinated  in  twenty -four  hours  when  transferred 
to  the  thermostat  at  28'  C.  In  the  light  of  later  results,  there  can  be 
little  doubt  that  some  of  the  species,  which  gave  no  germination  in  these 
preliminary  tests,  would  have  germinated  had  the  cultures  been  kept 
for  a  longer  time. 

For  further  study  of  the  physiology  of  germination,  Agarwm  cam- 
jiestriM,  Aijanctta  placoinyws,  Copriitrts  oomatiis,  Lepiotu  nancina, 
IlyphxAoma  ajijjendicuiai  am,  Polyporus  hrtumills,  2Fenditis  tremelfo- 
suf,  P/iMfia  r'f.lialn,  Cideatla  cyathlformp,  and  Lycoperdon  pyrtfomm 
were  selected.  This  list  includes  species  which  had  given  almost  per- 
fect germination,  others  which  had  yielded  various  small  percentages 
of  gemiination,  and  still  others  which  had  been  entirely  resistant  to  the 
cultural  conditions.  With  such  a  set  of  spores  valuable  results  ought 
to  1)6  obtained  regarding  the  stimulating  or  inhibiting  effects  of  certain 
substances  or  conditions. 

EXTREMES   OF   TEMPERATURE, 

A  large  number  of  experiments  were  made  with  the  fungi  listed 
alwve  to  tost  the  effects  of  extremes  of  t<'mpcmture  on  their  germina- 
tion. This  was  suggested  by  the  .studios  of  Ilabcrlandt  (1878),  Miiller- 
Thurgau  (INSO),  and  Eriksson  (l)S!>r>).  These  investigators  found 
that  subjection  to  cold  for  a  longer  or  shorter  period  not  only  im- 
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proved  the  gemiinating  power  of  certain  seeds  and  spores,  but  affected 
favorably  other  life  procesaes  as  well. 

The  spores  to  be  tested  were  put  into  a  few  drops  of  distilled  water 
in  tiny  vials  which  had  been  previously  plugfj^d  with  cotton  and  steril- 
ized. Several  aets  of  vials  were  made  up  and  subjected  to  the  follow- 
ing treatment  before  the  spores  were  transferred  to  the  cultures: 

No.  ].  Cold.* 

So.  2.  Cold -I- heat'' 

No.  3.  Cold-l-heat-t-cold. 

No,  4.  Heat. 

No.  5.  Heat+cold. 

No.  6.  Heat + cold -I- heat. 

While  the  exposure  to  a  high  temperature  was  always  for  ten  min- 
utes, the  spores  wei'e  tested  after  having  been  in  the  cold  for  different 
lengths  of  time  varying  from  one  day  to  three  weeks. 

Table  ll.^Percenlage  of  germiualian  after  16S  hown. 
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•Bf  "  cold  "  11  will  be  understood  llisl 
window  In  JunuHcy.  During  ihu  times  i 
time  to  —6°  <:.  Bt  night.  rsuBlly,  hoin 
during  [he  diiy. 


iG  vlHlH  contninln^  Ihe  upoies  were  plnced  nutsldc  e 
eipiisure  the  lemperBiure  miiged  (rom  10^^  C.  in  it 
r,  the  temperaiure  did  n.il  n-v  lo  more  ihiiu  a°  o 
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The  re  foi-ds  of  the  results  obtainod  in  the  Hist  foui'  tests  with  extremes 
of  tcmperatiire  ai-e  to  be  found  in  the  second  table.  This  {fives  5ui> 
stantially  all  that  there  is  to  be  learned  from  the  whole  series  of  tem- 
pemtuiv  experiments.  The  spores  were  taken  from  the  same  spore 
prititof  each  species  in  all  four  tests.  By  a  comparison  of  these  records 
certain  conclusions  seem  evident,  A  longer  exposure  to  cold  is  in 
most  instances  a  better  stimulus  to  germination  than  a  shoi-ter  expo- 
sure; the  deleterious  effect  of  cold  on  germination  is  much  more  pro- 
nounced when  no  external  food  supply  is  present.  To  illustrate,  it 
will  Ije  sufficient  to  compare  the  records  mode  by  two  species  at  Sj8^ 
C.  as  shown  in  Table  I,  and  in  sections  A  and  B  of  Table  II. 


Phlebin  nd: 


A  short  exposure  to  a  high  temperature  seems  to  be  a  i^timulus  to 
germination,  but  heat  followed  by  cold  acts  as  a  slightly  stronger  stim- 
ulant. It  will  be  noted  that  the  spores  of  MeralUui  treiHeUotu^  did 
notgerminate  in  distilled  water  until  after  having  been  subjected  to  a 
temperatui-e  of  4Si"  for  ten  minutes,  and  that  the  spores  of  Ar/aricus 
campfstrlg  fii'st  germinated  under  the  combined  action  of  heat  and 
cold.  It  does  not  appear,  however,  after  a  study  of  several  hundred 
cultures  in  which  the  spores  had  been  subjected  to  extreniesof  tempera- 
tu  re,  that  -such  treatment  is  of  any  marked  advantage  in  the  germination 
of  the  spores  of  Agaricvji  cuinpestrin. 

It  was  found  that  heating  in  water  at  52^  C.  for  ten  minutes  was 
sufficient  to  kill  the  spores,  at  least  of  those  forins  which  had  germi- 
nated under  other  conditions.  Also,  repeated  freezings  and  thawings 
in  water  during  a  period  of  three  months  destroyed  the  vitality  of  the 
spores.  Later  on  in  the  work  spores  of  Agiiricus  nmqKatris  were 
several  times  put  into  distilled  water  and  submitted  to  the  action  of  a 
freezing  mixture,  temjwrature — l^C,  for  from  ten  to  twenty  minutes. 
Only  in  very  rare  instances  did  such  spores  germinate  after  Iwing 
transferred  to  the  culture  media.  Frequently  the  spores  lost  their 
characteristic  appearance  and  showed  undoubted  evidence  of  having 
l>een  injured  bj'  the  extreme  cold. 

ACrnON    OF   AN   ARTIFICIAL    DIGESTITE   FLUID. 

It  is  well  known  that  Agariciis  catripestrh  occurs  naturally  in  stable 
yards  and  in  pastures,  and  it  is  generally  supposed  that  the  spores 
germinate  in  these  situations  after  having  passed  thixiugh  the  digestive 


dbyGoogIc 


ACTION  OF  AETIFICIAL  DIGESTIVE   FLUID.  19 

tract  of  herbivorous  animals.  Janczewski  (1871)  wa.s  ahle  to  prepare 
the  spores  of  AncoMm  fiirfumcfut  for  ^i-tniuation  only  by  feeding 
them  to  rabbit*,  and  it  was  au^ested  by  Professor  Duggar  that  the 
action  of  an  artificial  digestive  fluid  might  have  the  same  effect. 
Spores  of  Agarlcm  campestritt,  Coprimis  coi/Kitus,  and  Calvatia  cyath  i- 
fornie  were  used  in  these  tests. 

Five-tenths  and  one-tenth  per  cent  solutions  of  pepsin  in  distilled 
water  were  combined  with  hydrochloric  acid  at  a  concentration  of 
N      N  N 

i(Kl'  f(l00'  ^""^  TTioOO'  "'^°  '"  ^'s'-'^l®*^  water.  A  few  drops  of  each  con- 
centration were  put  into  vials,  spores  were  added,  and  the  vials  after 
being  sealed  were  placed  in  the  thermostat.  After  24  hours,  at 
the  end  of  3  days,  and  again  after  7  days,  spores  were  transferred 
to  culture  drops  of  distilled  water,  and  of  decoctions  of  manure, 
Coprinus,  and  bean  pods.  The  experiments  were  repeated  three  times 
witb  four  duplicates  each  time,  and  the  cultures  were  kept  for  8 
days.  Calvatia  cyathiforme  and  Copi-iniis  comatuv  showed  no  germi- 
nation. Several  of  the  cultures  of  Agaricm  campesiris  gave  various 
small  percentages  of  germination;  but  no  germination  occurred  in 
distilled  water  nor  in  the  larger  number  of  the  other  cultures.  One 
culture  in  Coprinus  decoction  registered  iJo  per  cent,  the  highest  per- 
centage of  germination  which  had  been  observed  in  Agaricus  cain- 
prutris  up  to  that  time.     The  spores  of  this  culture  had  been  treated 

N 
witli  TKiim   ^^'  ^""^  one-tenth   per   cent  solution  of  pepsin   for  7 

days  hefore  they  were  transferred  to  the  hanging  drop.  But  in  the 
three  duplicate  cultures,  and  in  fact  in  all  the  other  cultures  of  this 
experiment,  not  a  single  spore  was  obser\'ed  to  germinate.  With  the 
other  two  experiments  frequently  from  10  to  20  per  cent  of  the  spores 
of  one  of  the  four  duplicate  cultures  germinated;  in  other  instances 
two,  three,  and  occasionally  all  four  of  the  duplicate  cultures  showed 
some  geraiination.  Such  irregularities  are  not  peculiar  to  the  tests 
with  an  artificial  dige.-itive  liuid,  but  are  chai-acteristic  of  nearly  all  the 
experiments  made  with  the  spores  of  Agartetts  canipesirtn.  I  am  wholly 
unable  to  account  for  these  erratic  results.  It  would  seem  that  the 
state  of  maturity  or  other  conditions  of  the  spores  must  be  the  cause; 
hut  that  other  factors  are  also  influential  in  producing  them  there  can 
be  little  doubt  in  the  light  of  later  experiments.     On  the  whole,  there 

-  and 


N      „,„    L  .^^  ,^  .  L    N 


'  1000 


Hiflfin  ^^'  than  with  those  with  jfuj  HOI;  but  it  seemed  a  matter  of 
indifference  whether  one-half  or  one-tenth  per  cent  of  the  pepsin  was 
present. 
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Temperature  testa  as  previously  described  were  combined  with  the 
action  of  thJH  artificial  digestive  fluid,  but  the  amount  of  germination 
was  not  thereby  appreciably  increased.  Germination  occurred  in  a 
greater  number  of  cultures  with  this  treatment,  but  the  percentages 
rarely  exceeded  12.  Other  experiments  were  made  in  which  the  ■ 
hydrochloric  acid  and  pepsin  were  put  directly  into  the  various  media 
used  in  the  cultures.  The  results  were  not  substantially  different  from 
those  obtained  by  subjecting  the  spores  to  the  combined  action  of 
hydrochloric  acid  and  pepsin  for  difl'erent  lengths  of  time,  and  then 
transferring  them  to  drops  of  pure  decoction. 

EFFECT  OF  ACIDS  ON   OEHHINATION. 

Hoffman  (1860)  found  that  weak  acids  did  not  exercise  a  stimulating 
effect  upon  the  geimination  of  Basidiomycetous  spores.  And  inas- 
much as  the  experiments  with  hydrochloric  acid  and  pepsin  had  given 
only  small  percentages  of  germination,  it  was  thought  that  the  acid 
might  have  an  inhibiting  action  on  these  spores.  We  therefore  tried 
the  effect  of  this  acid  on  spores  that  were  known  to  genuinate  abun- 
dantly in  media  not  acid.     The  results  are  recorded  in  Table  III. 

The  conditions  governing  germination  in  Agarlcus  cdiiipustris  seemed 
so  complex  and  subtle  that  the  other  species  were  dropped  at  this 
point,  and  the  investigations  thenceforth  were  directed  almost  entirely 
to  the  problems  of  germination  in  this  economic  species. 

Experiments  with  malic,  lactic,  and  hlppuric  acids  were  repeated 
several  times.  The  results  given  in  Table  IV  are  fairly  typical 
There  was  never  any  germination  in  malic  acid,  but  both  lactic  aud 
hippuric  acids  gave  small   percentages  of  germination— now  in  one 

N 
1000 

HCl  and  one-half  per  cent  pepsin  in  distilled  water,  and  then  exposed 
to  outside  temperatures  from  January  5  to  January  29,  were  trans- 
ferred to  cultui-es  of  manure  and  Coprinus  decoctions  containing  hip- 
puric acid.  Positive  results  were  obtained  in  10  out  of  14  cultures  in 
168  hours.  This  was  the  most  uniform  germination  that  had  yet  been 
obtained  with  Agarlcus  campestris,  but  in  no  case  did  the  percentage 
of  germination  exceed  15. 

Table  III. — Percentage  0/ germination  after  1  day. 
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Table  IV  .—Pereenlfige  of  germination  qfier  10  dai/t. 
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ACIDS   FOLLOWED  BY   ALKALIES. 

After  six  days  the  spores  which  bad  not  germinated  in  the  acid  cul- 
tures were,  in  many  cases,  transferred  to  cultures  of  similar  decoctions 
containing  varying  percentages  of  ammonium  hydrate,  sodium  car- 
bonate, and  potassium  hydrate,  respectively.  These  gave  onl3'negative 
results,  a^  did  also  the  experiments  in  which  fresh  spores  were  put 
into  several  different  concentrations  of  the  above  named  acids  in  dis- 
tilled water,  and  subjected  to  extremes  of  temperature  before  being 
sown  in  alkaline  media. 

EFFECT  OF   LIGHT  ON    GEBMINATIOS. 

Spores  were  sown  in  cultures  of  various  media,  and  in  the  presence 
of  all  the  different  stimuli  which  had  yielded  gei-mination  in  the  dark 
in  anv  culture  throughout  this  entire  study.  One  set  of  these  was 
placed  in  direct  sunlight  and  another  in  diffuse  light.  After  4  weeks 
no  germination  had  occurred  in  anj-  of  the  cultures.  This  would  seem 
lo  indicate  that  light  has  an  inhibitory  effect  on  the  germination  of 
these  spores;  but  the  point  needs  further  investigation. 

AGE   OF  THE   SPORES   RELATIVE  TO   THEIR  POWER   OF   GERMINATION. 

No  exhaustive  study  has  been  made  regarding  the  effect  of  age  on 
the  germination  of  the  spores  of  Agarlcus  cam^estyifi.  But  incident- 
ally it  has  been  demonstrated  that  the  spores  will  germinate  if  placed 
in  cultures  on  the  i>ame  day  in  which  the  spore-prints  have  been 
obtained.  Spores  6  montb.'^  old  have  also  been  brought  to  germina- 
tion, but  spores  older  than  this  have  not  been  tested.     We  are.  there- 
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fore,  unable  to  say  during  how  long  a  period  these  spores  may  retain 
their  vitality.  The  results  obtained  in  this  study  show  very  conclu- 
sively, however,  that,  other  things  being  equal,  the  comparatively 
fresh  spores  are  mut-h  more  satisfactory  for  cultural  purposes  than  are 
the  older  ones. 

A    >"EW   FACTOR   IN    GERMINATION. 

During  the  greater  part  of  this  work  it  was  my  practice  to  discard 
culture's  after  from  200  to  2-iO  hours.  As  a  rule,  observations  were 
made  at  the  end  of  72,  96,  l'i4,  168,  and  340  hours,  respectively.  If 
germination  occurred  at  all  it  usually  appeared  in  about  7  days,  but  in 
a  few  cases  4  days  sufficed.  This  was  followed  by  a  rapid  growth; 
but  no  signs  of  further  germination  being  apparent  at  the  close  of  10 
days,  there  seemed  no  I'eason  whj'  these  cultures  shoiild  not  be  replaced 
by  other  experiments.  The  spores  from  those  cultures  in  which  partial 
germination  had  occurred  were  transferred  at  this  time  to  test  tubes 
of  sterilized  manure,  bean  stems,  and  other  solid  substrata. 

At  one  time  in  the  early  spring,  after  25<>  cultures  had  been  running 
for  the  asual  number  of  daj's,  it  was  felt  that  it  might  be  well  to  keep 
them  for  a  longer  time.  Thej'  were  again  examined  after  336  hours 
when,  to  my  great  surprise,  I  found  almost  perfect  germination  in 
some  of  the  cultures.  This  set  of  cultures  was  kept  for  i  weeks  and 
examined  11  times,  but  there  was  no  apparent  change  after  384  hours. 
A  few  of  the  results  obtained  are  given  in  Table  V.  In  the  light  of 
these  observations,  all  previous  work  seemed  to  require  repetition. 
By  way  of  comparison,  some  of  the  results  from  an  experiment  of 
about  500  cultures  which  followed  the  test  referred  to  above  are 
given  in  Table  VI.  The  spores  in  the  first  2  cultures  in  each  decoc- 
tion, and  in  each  concentration  of  the  particular  stimulus  used  (Table  V), 
were  from  a  spore-print  55  days  old.  The  last  2  cultures  in  every 
instance  in  Table  V  contained  spores  which  had  been  obtained  but  7 
days  prior  to  being  sown.  Spores  from  this  same  spore-print  were  used 
in  the  first  2  cultures  of  every  medium  in  Table  VI,  hut  were  sown 
more  than  a  month  later.  The  other  cultures  in  this  last  experiment 
contained  spores  from  a  spore-print  but  12  days  old. 

We  would  not  have  it  understood  from  the.=*e  tables  that  in  just  9 
days  after  sowing,  some  spores  germinated,  and  that  on  the  twenty-fii-st 
day  95  per  cent,  more  or  less,  of  germination  occurred.  Some  spores 
had  emitted  germ  tubes  after  4  days,  othei-s  after  7,  and  still  others 
not  until  the  end  of  14  days.  Hence  '"9  days"  is  used  as  an  avei-age 
time  for  the  first  appearance  of  germination.  The  "  21  days"  gives 
the  results  as  recorded  at  the  last  examination  of  the  cultures.  The 
cultures  were  examined  11  times,  but  it  would  not  be  well  to  com- 
plicate these  tables  by  reporting  all  the  readings.  In  every  case  where 
a  high  percentage  of  germination  has  finally  occurred  it  has  been 
preceded  a  few  days  by  the  germination  of  1  or  more  spores.     The 
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germ  tubes  of  the  first  spores  germinating  are  very  broad  (PI,  I,  fig. 
1),  and,  if  conditions  are  favorable  for  their  growth,  they  develop 
rapidly,  ramifying  in  every  direction  (PI.  I,  fig.  6).  From  5  to  10 
days  later  almost  every  spore  in  such  cultures  germinates,  form- 
ing 1  or  2  short,  almost  spherical  tubew  (PI.  I,  fig,  -i).  It  has 
never  happened  in  these  cultures  that  iO  per  cent  of  the  spores 
germinate,  then  75  per  cent,  and  later  99  per  cent;  but  after  the 
hyphae  from  a  few  spores  of  Agarieux  eampestrin  have  developed 
to  a  greater  oi-  less  degree,  all  other  spores  in  the  culture  may  send  out 
germ  tubes,  if  not  simultaneously,  certainly  at  about  the  same  time. 
In  some  cases  it  hau  happened  that  a  single  epore  has  germinated  at 
one  side  of  the  culture  and  grown  toward  the  mass  of  spores  collected 
at  the  center  of  the  drop.  Just  as  it  has  reached  this  mass  nearly 
every  spore,  as  by  magic,  has  emitted  a  germ  tube. 

The  germination  of  a  few  spores  does  not  insure  fuller  gei-mination 
under  all  circumstances.  Some  spores  have  germinated  in  several 
cultures  containing  asparagin,  but  these  have  shown  little  growth, 
and  never  any  further  germination;  the  same  phenomenon  has  been 
observed  in  many  cultures  and  various  media.  But  I  have  never  seen 
anything  like  perfect  germination  which  has  not  been  preceded  by 
a  considerable  growth,  in  the  cultui-e,  of  the  mycelium  of  Agaricua 
canipestris. 

Attention  is  called  to  the  fact  that  in  the  presence  of  ammonium 
nitrate  60  per  cent  of  the  spores  finally  germinated  in  one  culture  in 
distilled  water  (Table  VI).  This  is  the  highest  percentage  of  germi- 
nation observed  for  Ayaricus  campeatria  in  distilled  water  in  the  pres- 
ence of  any  stimulus  tested.  In  this  instance  there  was  considerable 
growth  from  the  2  spores  which  germinated  first,  hence  the  fuller 
germination.  Whether  the  ammonium  nitrate  was  sufficient  of  itself 
to  nourish  for  a  time  the  growing  hyphae,  or  whether  in  its  presence 
the  organic  substance  of  some  of  the  other  spoi'es  became  available  as 
food,  remains  an  open  question.  That  the  spores  contain  within  them- 
selves suflicient  food  for  the  first  stages  of  growth  following  germina- 
tion seems  doubtful  in  view  of  the  fact  that  when  a  largo  number  of 
spores  germinate  in  a  given  culture  there  is  no  further  growth  unless 
the  spores  are  transferred  to  drops  of  fresh  decoction. 

The  erratic  results  characteristic  of  all  the  cultures  of  Agaricus 
catnpeatria  are  well  illustrated  by  the  records  given  in  Tables  V  and 
VI.  In  the  check,  1  culture  of  the  4  duplicates  in  each  decoction 
yielded  over  90  per  cent  germination,  and  the  other  3  gave  abso- 
lutely none.  In  the  first  experiment  12  cultures  with  ammonium 
hydrate  registered  a  percentage  of  from  80  to  99,  and  not  a  single 
spore  in  lactic  acid  germinated.  But  in  the  second  test  exactly  the 
opposite  was  true.  No  germination  occurred  in  the  presence  of 
ammonium,  white  there  wa.-'  more  than  90  per  cent  germination  in 
several  of  the  cultures  with  lactic  acid. 
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I  can  suggest  no  entirely  tiatii^factory  explanation  of  these  variations. 
The  utmost  care  was  taken,  not  only  to  avoid  organic  contAmi nation, 
but,  also,  in  the  use  of  pui'e  chemicals  and  clean  dishes.  A  sufficient 
amount  of  each  modium  wa^t  made  up  at  the  beginning  of  the  work  to 
last  throughout  the  year,  and  a  given  medium  was  not  stoi-ed  in  one 
large  ilask,  but  in  sevei-al  small  ones  to  avoid  change  by  repeated  ster- 
ilizations. It  seems  impossible,  therefore,  to  account  for  the  eri-atic 
results  by  impurities  or  variations  in  the  culture  media.  And  to  say 
that  the  cause  lien  wholly  in  the  spores  is  equally  unsatisfactory. 
When  making  up  the  cultures  for  a  given  test,  the  .spores,  as  described 
earlier,  were  thoroughly  mixed  in  a  drop  of  di.stiiled  water  before 
being  transfei-red  to  the  hanging  drops.  Under  such  conditions  it 
seems  extremely  improbable  that  all  the  spores  transferi'ed  to  one 
medium  should  be  incapable  of  further  development,  while  lai-ge  num- 
bers of  those  transferred  to  another  medium  should  he  capable  of  ger- 
mination. But  after  all  it  can  not  be  doubted  that  an  important  factor 
in  this  problem  is  to  be  found  in  the  condition  of  the  spores  themselves. 

In  this  connection  it  has  been  observed  that  the  spores  from  one 
spore-print  have  given  more  uniform  germination  than  those  from  any 
of  the  many  other  spore-prints  tested.  In  this  case  the  fungus  waa 
raised  in  the  conser\'atory  of  the  Department  by  Mr.  Shore,  and  the 
large,  beautiful  sporophore  was  taken  immediately  after  the  pileus 
had  expanded.  Lai^e  numbers  of  spores  have  been  sown  in  each  cul- 
ture from  the  first;  for.  only  small  percentages  of  geimination  having 
been  obtained,  it  was  thought  that  the  condition  of  maturity^  of  the 
spores  might  largely  control  i-esults.  And  in  case  no  spores  eapableof 
germination  were  sown,  one  might  conclude  that  the  special  stimulus 
tested  had  inhibited  germination.  The  massing  of  the  spores  had  no 
stimulating  effect,  as  sjxjres  scattered  through  the  drop  germinated 
quite  as  frequently  as  those  massed  at  the  center.  It  is  probable 
that  the  irregularities  thus  far  recorded  were  due,  in  some  measure, 
to  the  fact  that  up  to  this  point  in  our  study  we  had  not  found  the 
best  stimulus  for  the  germination  of  these  spores. 

EFFECT   OF   MYCELIUM    ON    GEEMINATION. 

Mention  has  been  made  of  transferring  the  .spores  from  cultures 
which  had  gemiinated  to  a  solid  substratimi  in  test  tubes.  In  some 
cases,  especially  on  bean  stems,  an  abundant  growth  of  mycelium 
resulted,  and  was  available  for  the  study  of  the  effect  of  the  mycelium 
on  germination.  The  results  of  these  experiments  were  ver}-  conclusive, 
as  is  shown  by  a  glance  at  Table  VIl.  This  table  records  the  readings 
for  a  single  decoction,  but  many  other  decoctions  were  used  with  sim- 
ilar results.  Wheie  there  was  no  mycelium  present  a  few  spores 
germinated  in  some  cultures  after  :J40  hours,  perfect  germination 
occurring  only  after  38-t  hours,  but  cultures  into  which  bits  of  the 
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mycelium  had  been  introduced  gave  almost  perfect  germination  in  144 
boui'!>.  In  some  decoctions  containing  a  bit  of  the  mycelium  germina- 
tion did  not  occur  until  after  168  hours.  In  all  cases  the  presence  of 
the  growing  mycelium  caused  a  high  percentage  of  germination  at 
least  one  week  sooner  than  it  might  otherwise  have  occurred,  that  is, 
by  the  geimtnation  of  a  few  spores  the  mycelium  of  which  would  act 
as  a  stimulus. 

Table  VII. — Percentage  of  gfnnination. 
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In  no  cultures  in  which  the  growing  mycelium  of  Agaricus  cainpes- 
iris  has  not  been  present  has  a  high  percentage  of  germination  ever 
occurred  in  any  of  the  tests  made  in  connection  with  this  study.  It  is 
very  evident  that  the  growing  mycelium  in  some  manner  prepares  the 
way  for  germination.  As  to  just  how  this  is  done  it  is,  perhaps,  vain 
to  conjecture  at  present,  but  it  is  not  improbable  that  some  secretion 
is  formed  which  stimulates  or  makes  possible  the  emission  of  the  germ 
tubes.  Hartig  (1894)  has  found  that  the  presence  of  ammonium  or 
some  other  alkali  is  necessary  for  the  dissolving  of  the  "spore  pellicle" 
before  germination  can  take  place  in  Merulltts  lachrymaim. 

De  Bary  (1884)  stated  that  the  necessity  of  oxygen  for  the  germi- 
nation of  fungous  spores  has  never  been  sufficiently  demonstrated; 
and  it  was  thought  that  the  phenomenon  under  discussion  might  be  due 
to  the  fact  that  the  great  majority  of  these  spores  were  able  to  germi- 
nate only  after  the  oxygen  of  the  hanging  drop  had  been  exhausted. 
We  have  not  been  able  to  test  this  point  experimentally;  but,  if  the 
presence  or  absence  of  oxygen  were  the  controlling  agent  here,  it 
would  seem  that  the  growth  of  the  mycelium  of  any  other  fungus 
would  affect  germination  as  favorably  as  that  of  Agtrrlcm  mmp^tnti'h 
itself.     This,  however,  is  not  the  case,  as  mentioned  later. 

It  hag  been  detennined,  then,  beyond  a  question,  that  if  a  few 
y>ores  are  able  to  germinate  under  the  cvitural  conditumK,  nr  If  a  hit 
of  the  mycelium  ofAgaricus  campestris  he  iiitro<l(i/-ed  into  the  ctdtxire. 
the  growth  resulting  will  in  eitlier  case  catine  or  make  possible  the  ger- 
minatimi  of  nearly  all  the  spt>rea  of  the  culture,  provided^  of  course^ 
that  tlie  other  conditions  are  not  such  as  to  inhibit  gtmiinniinn. 
Mycelium  that  is  not  growing,  or  masses  of  spores,  have  not  been 
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obsei-ved  to  influence  germination.  Tests  with  the  growing  inrvelium 
of  Mucor.  Penicillium,  <''ij>rhim  w/tmviM,  and  Hypholoma  append!- 
ctdafuiii  have  yielded  only  negative  results.  In  one  culture,  however, 
with  the  myeeiium  of  liypholtmia  apjicndintiotiwi  alwut  50  per  cent 
germination  occurred,  but  there  is  a  possibility  that  in  this  instance 
one  or  more  spores  of  Agarhus  mmpixtris  germinated  fii-st  and  were 
obscured  from  view  by  the  mycelium  which  had  been  introduced  into 
the  culture.  The  presence  of  the  mycelium  of  these  forms  doe-s  not 
inhibit  germination,  for  if  a  few  spores  emit  germ  tubes  in  the  cultures 
with  them,  the  fuller  germination  follows  in  due  time,  as  when  do 
foreign  fungus  is  present.  Spores  of  Coprinun  tnicactiis  and  Ifyplio- 
loma  apj)endlcidatum.  were  sown  in  cultures  with  the  spores  of  Agaficu» 
cavipest'riis.  They  germinated  after  a  few  hours  and  grew  abundantly, 
but  at  the  end  of  three  weeks  the  spores  of  Agarifut  aiinpestrU  had 
given  no  evidence  of  germination. 

The  effect  of  the  presence  of  the  growing  mycelium  of  Agartcus 
campeatrU  on  the  spores  of  Agarlnia  placomycun  and  Cdlvatia  eyatki- 
fonii-^  was  also  tested.  After  several  weeks  there  was  not  the  least 
sign  of  germination  in  any  of  the  cultures. 

The  germ  tubes  which  are  emitted  under  the  influence  of  the  grow- 
ing mycelium  of  Agarlcun  camj?f«tr/«  are  short,  thick,  and,  as  a  rule, 
almost  spherical  in  outline  (PI.  I,  fig.  2).  Little  or  no  growth  has  ever 
been  observed  to  follow  this  later  germination,  even  when  the  cultures 
have  been  kept  for  sevei-al  weeks.  But  if  these  spores  are  transferred 
to  fresh  media,  growth  begins  at  once.     (PI.  I,  figs.  3  and  4.) 

A  lilt  of  mbilancea  tested  with  regard  to  their  effect  o"  the  i/ennitialioit  of  the  iipare*  of 
Agarint^  canipeetrU, 

THOaR  YIKLDINO    P081T1VK    RB8UI.T8,    OH,    AT    LBAffT,    OCCASIONALLY    VIBLDIHC    FOSITIVB 

RBSL'LTS. 

Distilled  water. 
Bean  decoction. 
Beet  decoction. 
Lepiota  Oecoction, 
Calvfttia  de<vwtion. 

Decoction  of   Coprinue  eomalju  ti^«ther  with   the  soil  in  which  the  fuogi  were 
growing. 
Decoction  of  fermented  stable  manure. 
Decoction  of  fresh  horse  manure. 
Lactic  acid  in  distilled  water,  and  in  decoctions  of  Itean,  beet,  Coprinus,  Lepiota, 

Mippuric  acid  in  decoctions  of  bean,  manure,  and  Coprinue. 

Hydrochloric  acid  -j-  pe|)sin  in  distilled  water,  and  in  bean,  Coprinns,  and  manure 
decoctions. 

Hydrochloric  acid  -\-  pepsin  -i-  hipputic  acid  in  distilled  water,  and  in  decoctions  of 
bean,  Coprinus,  and  manure. 

Ammonium  in  bean,  beet,  and  manure  decoctions. 

Pota!«ium  liyilrate  in  bean,  lieet,  and  manure  decoctions. 

Ammonium  nitrate  in  distilleil  water,  and  in  decocliona  of  bean,  J^^piota,  and 
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Potaaeium  nitrate  in  bean  and  manure  decoctione. 

Asparagin  in  distilled  water,  and  in  bean,  Lepiota,  and  manure  decoctions. 
Mycelium  of  Agaricui  campeetrit  in  distilled  water,  and  in  decoctions  of  bean,  beet, 
Lepiota,  CoprinuB,  beef,  and  manure. 
Bean  agar. 
Manure  agar. 


B  RBSCLTa. 

Sugar  Holution. 

BeeC  decoction. 

PleurotuB  decoction. 

Glycerin. 

Malic  acid  in  Ooprinus  and  bean  decoctions. 

Hippnric  acid  in  distilled  water  and  in  beet  decoction. 

Hydrochloric  acid  4-  pepsin  in  Lepiota  decoction. 

Hydrochloric  acid  4-  pepsin  +  hippnric  acid  in  Lepiota  decoction. 

Malic  acid  followed  by  potas^um  hydrate  in  bean,  Coprinue,  and  manure  decoc- 

Malic  acid  followed  by  ammonium  in  bean,  Coprinus,  and  manure  decoctions. 
Malic  acid  followed  by  eodimn  carbonate  in  bean,  Coprinus,  and  mannre  decoctions. 
Luetic  acid,  followed  by  potassium  hydrate  in  bean,  Coprinue,  and  manure  decoc- 

Lactic  acid  followed  by  ammonium  in  bean,  Coprinun,  and  manure  decoctions. 
Lactic  add  followed  by  sodium  carbonate  in  bean,  Coprinus,  and  manure  decoc- 

Malic  acid  followed  by  hydrochloric  add  +  pepsin  in  bean,  Coprinua,  and  manure 
decoctions. 

Lactic  acid  followed  by  hydrochloric  acid  +  pepsin  in  bean,  Coprinus,  and  manure 
decoctions. 

Alcohol  in  bean,  beet,  and  manure  decoctions. 

Ether  in  bean,  beet,  and  manure  decoctions. 

Ammonia  in  dtetilled  water  and  in  Lepiota  decoction. 

Potassium  hydrate  in  distilled  water  and  in  Lepiota  decoction. 

Potassium  nitrate  in  distilled  water  and  in  Lepiota  decoction. 

Potassium  sulphate  in  distilled  water  and  in  Lepiota  and  bean  decoctions. 

Potassium  carbonate  in  distilled  water  and  in  decoctions  of  bean,  Lepiota,  and 


Sodium  sulphate  in  distilled  water  and  in  decoctions  of  bean,  Lepiota,  and  manure. 

Spores  sown  between  cover  glass  and  filter  paper  moistened  with  bean,  beet, 
Coprinua,  and  manure  decoctions. 

Spores  subjected  to  pressure  by  being  placed  in  drops  of  manure,  and  of  Lepiota 
decoction  between  larger  cover  glasses. 

Mycelium  of  Mucor  in  diatilled  water,  and  in  bean,  beet,  Coprinus,  Lepiota,  Lyeo- 
perdon,  and  manure  decoctions. 

Mycelium  of  Penicilliumr  as  for  Mucor. 

Mycelium  of  Coprimm  micaceus  in  Lepiota  and  manure  decoctions. 

Mycelium  of  Ilyphdomn  ap/teiidicutalum  in  Lepiota  and  manure  (?)  decoctions. 

Germinating  spores  of  Copriniig  miroffus  in  Lepiota  and  manure  decoctions. 

Germinating  spores  of  Ifypholoma  appendicuUittim  in  Lepiota  and  manure  decoc- 

A  high  pei-cpntage  of  germination  has,  perhaps,  been  more  fre- 
quently obtained  with  cultures  in  pure  Lepiota  decoction  than  in  any 
other  decoction  used.  Of  the  chemical  stimuli  tested,  ammonium 
compounds  and  lactic  acid  seem  to  be  the  most  effective. 
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It  mui^t  not  be  inferred  when  no  germination  h&s  occurred  in  a  given 
medium  or  in  the  presence  of  certain  stimuli  that  these  substances 
necessarily  have  an  inhibitory  action.  They  may  have,  bui:  because  of 
the  very  erratic  nature  of  the  results  thus  far  obtained  a  much  more 
extended  study  of  this  subject  must  be  made  before  the  fact  of  such 
inhibition  can  be  definitely  established,  for.  although  between  4.0OO 
and  5,000  cultures  have  already  been  made,  we  are  not  yet  in  a 
position  to  draw  final  conclusions.  This  would  not  be  considered  a 
large  number  of  cultui-es  if  one  were  working  with  the  molds  where 
tests  can  be  carried  through  in  three  days,  or  in  less  time.  But  when 
studying  a  form  which  must  be  kept  in  culture  for  three  weeks,  and 
repeatedly  examined,  it  becomes  a  much  more  arduous  task.  \VbeD 
cultures  require  to  be  kept  for  a  long  time,  frequent  readings  may  not 
seem  necessary;  but  it  is  much  more  satisfactory  not  to  allow  too  long 
a  period  to  elapse  between  the  examinations  of  the  cultures.  In  fact, 
because  of  contaminations  and  other  irregularities  that  may  appear  in 
such  cultures,  frequent  obsen-ationa  are  absolutely  necessarj'  if  results 
are  to  be  reliable. 

So  far  as  the  writer  is  aware  there  is  recorded  here  the  highest  per- 
centage of  germination  yet  observed  in  Agariciia  campestris.  Judg- 
ing from  Repin's  (1898)  statement,  "The  spores  which  germinate,  and 
these  are  always  the  fewest  in  numlter,  •  •  *  "  the  French  have  not 
obtained  anything  like  perfect  germination,  and  no  record  has  been 
found  of  the  germination  of  these  spores  by  other  students. 

The  results  which  we  have  obtained  would  seem  to  indicate  that  the 
problems  involved  here  must  be  very  complex  and  subtle.  And  while 
this  study  throws  much  light  on  the  questions  at  issue,  it  can  be  con- 
sidered as  scarcely  more  than  preliminary  to  the  work  which  must 
follow  before  the  secrets  which  Atiarlcus  (yiii/f'-fris  has  guarded  so 
closely  through  the  ages  are  revealed.  Professor  Duggar  has  already 
made  arrangements  for  carrying  on  this  work,  not  only  to  determine 
definitely  the  conditions  controlling  germination,  but  with  a  view  to 
the  practical  application  of  the  same  in  mushroom  culture. 

CONDITIONS  OF  OSOWTH. 

Incidental  to  the  other  work,  and  as  opportunity  offered,  a  few 
experiments  have  been  made  regarding  the  conditions  of  growth  in 
some  of  the  Basidiomycetes. 

Hypholoma  appendk'vJatum,  and  Coprinum  «; (cacrfjw have  been  found 
to  lend  themselves  with  the  greatest  ease  to  artificial  cultural  con- 
ditions. There  is  no  diflSculty  at  all  in  obtaining  pure  cultures  of  these 
forms  by  the  ordinary  methods  of  preparing  dilution  cultures.  Their 
spores  have  never  failed  to  germinate  in  any  agnr  in  which  they  have 
been  sown.  They  germinate  in  from  six  to  twelve  hours  and  grow 
rapidly.     The  spores  nine  months  old  germinate  quite  as  rapidly  as 
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when  first  gathered.  Little  time  has  been  devoted  to  the  germination 
of  the  spores  of  CoUyhtavelutipes;  but  from  the  few  experiments  which 
have  been  made  I  believe  that  this  is  another  form  which  may  be  of 
value  for  cultural  purposes.  Heretofore,  students  occupied  with  the 
physiological  problems  of  nutrition,  osmotic  pressures,  toxicity,  etc., 
have  worked  either  with  the  algae,  or  with  the  lower  fungi.  There  is 
no  reason,  whatever,  why  these  studies  should  not  be  extended  to 
include  such  Basidiomycetous  forms  as  those  named  in  this  par^raph. 

COPRINUa   MICACEU8. 

Transfei's  of  Coprinus  inicaceu8  have  been  made  from  pure  cultures 
to  sterilized  test  tubes  containing  bean  pods,  bean  steins,  sugar-beet 
plugs,  pieces  of  decayed  wood,  wheat  straw  in  bean  decoction,  and 
wheat  straw  in  manure  decoction.  Abundant  growth  has  resulted  in 
every  case  with  the  exception  of  the  sugar  beet.  The  writer  has  rarely 
succeeded  in  obtaining  good  growth  with  any  Basidiomycete  on  the 
sugar  beet  as  a  solid  substratum,  although  almost  perfect  germination 
.occurs  in  a  decoction  of  the  beet. 

To  further  test  the  growth  of  this  fungus,  sand  was  put  into  ordi- 
nary glass  fruit  jars  to  the  depth  of  an  inch  and  a  half,  and  water  was 
added  until  it  stood  a  little  above  the  sand.  Two  or  three  dead  hickory 
boughs  were  placed  in  each  jar,  and  the  covers  put  on,  the  rubbers 
being  left  off  to  admit  air.  A  thick  piece  of  absorbent  cotton  was 
then  tied  over  the  top  of  each,  and  the  jars  sterilized.  Other  jars 
were  filled  to  the  height  of  3  or  4  inches  with  chopped  wheat  straw,  to 
which  a  little  water  was  added,  and  a  small  vessel  of  water  was  placed 
in  each  jar  to  insure  a  moist  atmosphere.  These  were  covered  and 
sterilized  as  descrilred  above.  After  some  mycelium  had  been  trans- 
ferred from  test  tubes  to  these  jars,  the  glass  covers  and  absorbent 
cotton  were  immediately  replaced.  Under  these  conditions  the  myce- 
lium grew  luxuriantly;  and  in  every  instance  it  showed  the  same  struc- 
ture, and  al.so  the  same  beautiful  amber  or  burnt  orange  color  which 
have  been  found  to  be  characteristic  of  a  certain  ijiycelium  growing 
on  the  posts  and  other  pieces  of  timber  in  mines.  The  sporophores 
of  Coprinu^  intcaceug  have  been  observed  in  connection  with  this  myce- 
lium in  the  mines;  but,  if  I  am  correctly  informed,  a  connection 
between  the  two  has  never  been  definitely  established.  There  can  be 
no  doubt,  in  the  light  of  our  cultures,  that  the  two  are  united,  and  that 
this  deep  yellow  mycelium  is  the  characteristic  mycelium  of  Coprlnus 
micaceue. 

About  three  weeks  after  these  cultures  were  started,  some  sterilized 
sand  was  poured  into  the  jars  containing  chopped  straw,  and  in  a  few 
days  numerous  small  sporophores  appeared.  These  did  not  reach  full 
development  under  sterile  conditions,  but  some  of  them  expanded  at 
once  when  the  absorbent  cotton  and  the  covers  were  removed  and  an 
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abundance  of  free  air  admitted.  Some  porous  pots  were  partly  filled 
with  sand  and  decayed  wood,  others  with  soil  and  decayed  wood,  aad 
sterilized.  These  were  inoculated  with  the  mycelium  of  Copr'nim 
micacem  and  put  in  a  warm,  moitit  place  in  the  conservatory.  In 
about  three  weeks  sporophores  appeared. 

HYPHOLOMA   APPESDlCtJLATUM, 

The  mycelium  of  ffypholoma  appendicidatyni  baa  also  been  found 
to  grow  vigorously  in  test  tubes  containing  bean  pods  or  stems,  and 
on  steiilized  wheat  straw  in  manure  and  in  bean  decoctions,  but  it  has 
shown  little  or  no  growth  on  sugar-beet  plugs.  It  developed  a  splen- 
did growth  of  mycelium  in  fruit  jars  of  sterilized  straw,  but  no  spor- 
ophores were  formed. 

AGARICU8  CAMPESTBIS. 

Considering  the  results  obtained  with  the  action  of  an  artificial 
digestive  fluid,  it  seemed  very  desii-able  te  test  the  effect  on  the  spores 
of  Agar'icus  cuinpextris  of  a  pa.'ssage  through  the  animal  body,  ■  Some 
large  glass  jars  were  partlj-  filled  with  horse  manure,  others  with 
chopped  wheat  straw,  and  thoroughly  sterilized.  After  a  rabbit  had 
been  kept  in  captivity  for  some  days  and  fed  only  on  carefully  washed 
vegetables  he  was  given  a  quantity  of  these  spores.  The  gills  of  the 
fungus  were  wrapped  in  carefully  washed  lettuce  leaves  or  mixed  with 
sterilized  bran  and  water.  When  the  rabbit  had  been  fed  for  several 
days  on  this  diet  alone,  the  animal  excrement  obtained  on  the  last 
day  was  placed  in  the  previously  prepared  glass  vessels  and  sterilized 
sand  was  then  added  to  the  depth  of  li  inches.  The  jars  were  placed 
under  suitable  conditions  of  light  and  temperature,  but  after  having 
been  kept  for  several  months  they  yielded  only  negative  results. 
The  excrement  of  the  rabbit  was  also  put  into  large  test  tubes  con- 
taining sterilized  stable  manure.  These,  too,  gave  no  positive  results. 
In  every  one  of  the  cultures,  however,  species  of  the  Coprini  appeared. 
The  most  abundant  form  developed  was  probably  Copr'mus  mUtutialh, 
but  it  was  not  determined  to  be  such  with  certainty. 

The  spores  of  Agarlcim  campestrii  which  had  germinated  in  drop 
cultures  were  frequently  transferred,  as  already  mentioned,  to  test 
tul)es  containing  sterilized  manure,  wheat  straw  in  manure  decoction, 
wheat  straw  in  bean  decoction,  bean  pods,  bean  stems,  sugar-beet 
plugs,  manure  agar  and  bean  agar,  respectively.  In  the  test  tubes 
containing  manure  there  wa.s  never  any  further  growth.  This  is 
surprising  considering  the  natural  habitat  of  this  fungus,  and  can  be 
explained  only  on  the  supiw-'^ition  that  the  manure  was  not  obtained 
under  proper  conditions,  although  great  care  was  exercised  in  its 
selection,  and  tests  were  made  both  with  the  fresh  horse  manure,  and 
with  manure  which  had  bocn  fermented  by  the  gardener  preparatory 
to  i»aking  a  mushroom  bod.     On  the  other  hand,  there  was  a  consider- 
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able  development  of  mycelium  in  the  slant  tubes  of  manure  >^;&i',  and 
also  on  the  wheat  straw  in  manure  decoction.  This  suggestB  that  the 
manure  may  have  been  used  in  too  concentrated  a  form. 

In  one  test  tube  containing  sugar-beet  cylinders,  there  was  an  abun- 
dant growth  of  mycelium;  but  as  a  rule  little  development  occurred 
on  this  substratum,  and  there  was  I'arely  any  gi'owth  unless  the  spores 
had  germinated  in  a  drop  of  beet  decoction.  Of  all  the  solid  sub- 
strata used,  bean  stems  gave  invariably  the  best  results.  Photo- 
graphs of  two  such  cultures  are  reproduced  in  PI.  11.  In  every 
instance  in  which  germinated  spores  were  transferred  to  bean  stems, 
growth  resulted,  irrespective  of  the  medium  in  which  the  spores  had 
germinated. 

HISTOBICAL. 

According  to  Hoffman  (1859),  the  germination  of  fungous  spores 
was  first  studied  by  Prevost  (1807)  and  Ehrenberg  (1821).  Since 
their  publications,  especially  during  the  latter  half  of  the  past  cen- 
turj',  various  investigators  have  occupied  themselves  with  a  study  of 
the  germination  of  the  spores  of  the  fungi.  Inasmuch  as  the  accounts 
of  this  work  have,  so  far  as  I  am  aware,  never  been  brought  together, 
there  is  to-day,  in  the  minds  of  students  in  genei-al,  a  rather  indefinite 
idea  as  to  the  present  statuH  of  this  study,  particularly  with  reference 
to  the  Basidiomycetes.  In  view  of  this  fact  it  becomes  desirable  to 
give  at  this  time  a  brief  summary  of  the  results  already  obtained 
along  this  line. 

This  review  will  be  confined  exclusively  to  a  consideration  of  the 
literature    which     deals    with    the   phenomenon   of   germination   as 
exhibited  in  the  Basidiomycetes.     Frequently  the  reports  of  this  work 
do  not  form  separate  papers,  and  the  results  obtained  can  be  deter- 
mined  only  after   diligently  searching  through  long  treatises.     Ko 
attempt  is  made  in  the  present  paper  to  give  an   exhaustive  treat- 
ment of   this  history;   but   it  is  doubtful   if  any  important  refer- 
ences have  been  omitted.     Such   empirical  cultures   of  the  Basidio- 
mycetes as  have  been  carried  on   in  Italy  and  in  other  parts  of  the 
world  from  a  very  early  date  have  recently  been  described  somewhat 
in  detail  by  Onstantin  (1892),  and  will  not  be  considered  here. 
1B4S.  Corda  made  the  etatement  that  the  spores  of  the  fungi  gemniniite  just  as 
readily  aa  do  all  seeds  and  the  spores  of  many  higher  plants;  hut  he  gave  no 
proof  of  this  experimentally.     In  the  same  year,  however,  he  figured  in  hie 
Icones  Fungorum  the  germinated  spores  of  Sphirroboiue  gteUatvs.     He  did  not 
germinate  these  spores  by  artificial  means,  but  sketched  them  in  the  con- 
dition in  which  he  found  them  where  they  liad  been  scattered  from  the  apo- 

1863.  Tulasne  described  and  figured  the  gemiiaation,  in  water  or  moist  air,  of  the 
spores  of  Tremella  mesenterica  'Rets,,  Exidia  gpicu!o>aSQuinie:it,,  TremeOa  vieiaeta 
Beth.,  and  Dacryomycex  deli<pieeca^  Dub. 
28S59— No.  16—02- 3 
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18B5.  Sachs  studied  the  development  ot  Ctiu^ilmtam  vulgare,  but  did  not  obeerre 
the  germiDAtion  of  the  spores,  and  Raid  that  euch  germination  had  not  been 
obtained  in  artiflcial  t'ultures  in  the  Nidulariace^. 

1BS9.  Hoffmann  publiehe^f  an  account  of  his  germination,  in  water  and  in  moist  air, 
of  the  spores  of  several  Baaidiomycetea.  He  dieeuseed  briefl)',  and  illustrated 
the  flret  Btflges  in  the  development  of  the  following  species:  Daerijomyeei  drli- 
quacfiia  Dub.,  Lycopfrdan  emuteUatura  Fr,,  L.  rerruromim  Ruff.  {L.  gtmmatum 
Bate«'h.],  Bovi^a  plumhea  Pers.,  CynOiut  ilrialia,  TremeUa  iM*fnCerica  Rets., 
SprUhulafunidn  Fr.,  Thekphora  quercinaPere.,  T.iiridnFr.,  Hydnvmauritcalpium 
L.,  TraTnelatuareole7uF.,Agarieu*Coprinvipliffitilii Cart.,  and  A^ricfifrelulipes 
Curt.  He  found  that  the  spores  of  Lycoperdon  germinated  with  difHcuity, 
their  germination  being  the  exception  rather  than  the  rule. 

1860.  Hoffmann  continued  his  Inveatlgatione  along  thie  line,  considering  to  some 
degree  the  physiolc^y  of  the  procees.  He  seems  to  have  been  the  first  to  hare 
studied  to  any  extent  the  germination  of  Basidiomycetous  spores  under  definite 
and  known  conditions.  Hia  experiments  were  so  conducted  that  the  germi- 
nating spores  could  easily  be  studied  under  the  microscope  without  disturb- 
ing the  cultures',  but  there  is  no  evidence  that  any  special  precautions  were 
observed  to  keep  the  cultures  free  from  contamination.  He  made  many  tem- 
perature testa,  and  also  studied  the  effects  ot  light  and  various  chemicals,  chiefly 
acids,  on  germination.  It  was  found  that  the  time  of  year  did  not  matter 
for  germination,  but  that  the  .'ipores  required  only  the  proper  moisture  and 
temperature;  germination  seemed  to  be  as  irxmI  in  direct  or  diffused  lipht  as  in 
darkness,  liut  the  spores  of  Agarleut  camptHrit  germinated  earlier  in  the  dark 
than  in  the  light;  spores  not  germinated  were  not  killed  by  frost,  though  freez- 
ing was  found  to  be  fatal  to  germinated  sjxtres;  spores  in  a  state  of  germination 
were  actually  killed  by  drying,  but  many  spores  germinated  better  in  moist 
air  than  in  water;  no  evidence  was  found  that  weak  acids  favored  germination, 
and  it  was  concluded  that  a  period  of  rest  irae  not  necessary  for  the  germinai- 
tion  ot  Basidioniycetous  spores,  tliough  many  of  them  germinated  after  a  period 
of  weeks  and  even  years.  He  determined  the  length  of  time  required  for  ger- 
mination, and  sketched  the  germinaletl  spores  of  Poiyporut  rerKicolor  (5  days), 
P.  gqwamoma  (6  days),  Ciiprinut  mimcem  (1  day),  J'salhi/ra  ntyplicu*  (3  days), 
Myraxa  i-ulgnrin  (2  days),  CoUybia  Oreodet  (3  days),  C.  fonlgfntn  (3  days), 
Coprinariut  papilionaceiit:,  Thelephora  A  irnd/i,  and  Kxidia  { Tremtlla )  grandulota. 
In  this  later  work  he  was  unable  to  germinate  the  spores  of  Lycoperdon. 

1861.  I^a  Bourdette,  in  a  note  regarding  hia  methods  of  I'ulture,  claimed  that  after 
several  years  of  experimentation  he  had  succeeded  in  developing  the  editde 
Agaricus  from  spores  by  means  of  potassium  nitrate  and  without  the  use  of 
manure.  The  nitrate  was  put  into  the  soil  with  the  spores  ot  the  ^^ric  to  the 
depth  of  from  3  to  4  mm.  The  soil  was  composed  largely  of  calcium  sulphate 
beaten  down  and  nothing  added.  Under  these  conditions  an  indefinite  growth 
of  the  tnngus  was  obtained.  According  to  bis  statements,  the  mushrooms 
derived  by  the  method  just  describeii  attained  anaverage  weight  of  600  grama, 
while  iborie  obtained  by  the  ordinary  complicated  methods  of  culture  averaged 
but  100  grama. 

1861.  Chevreul  presented  to  the  Academy  of  Science,  Paris,  some  mushrooms  that 
had  been  grown  by  La  Bourdette.  La  Bourdette  had  sown  the  spores  in  sand 
and  water  on  a  glass  plate.  The  most  vigorous  plants  thus  obtained  were  later 
transferred  to  a  humid  soil  composed  of  vegetable  earth.  This  aoil  was  placed 
in  a  cave  and  covered  with  sand  and  river  gravel  to  a  depth  of  .25  m,,  this 
being  again  (K>vered  with  broken  plaster  .15  m.  in  depth.  The  bed  was 
watered  with  water  contjuning  2  grams  of  potassium  nitrate  to  a  square  meter 
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of  the  eoil.    Under  these  conditioae  the  fine  group  of  aporophores  ^nt  to  the 
academy  had  developed  in  eix  days. 

These  reeulte  Beem  to  have  been  accepted  with  a  grain  of  salt,  as  it  were, 
even  by  some  of  La  Bourdette'H  contempoT&riefl. 

1B6S.  Nylander  found  something  of  the  fabulous  in  La  Bourdette'a  reports,  and 
beheved  that  hie  fungi  had  come  up  by  chance,  having  no  connection  what- 
ever with  the  spores  that  had  been  sown.  He  had  never  himself  been  able 
to  germinate  the  spores  of  Agaricuf  rampeatrii  in  cultures,  and  had  foun<I  no 
evidence  in  literature  of  such  germination.  He  cultured  these  spores  many 
months  in  hut,  moist  chambers,  and  on  different  aubstmtA,  but  chiefly  on 
horse  manure,  and  never  saw  even  the  be^nninga  of  germination. 

The  gills  of  Agaricua  rampettrit,  and  the  water  in  which  the  fungi  had  been 
washed  nhen  prepared  for  food,  were  scattered  in  places  where  this  fungus 
often  chanced  to  come  up,  but  they  never  produced  the  plant.  This  was 
repeated  for  many  years,  but  always  with  negative  results.  He  thought  it  a 
matter  of  great  interest  to  detennine  the  method  o/  germination  of  these 
spores  and  the  physiology  of  the  process,  and  he  su^ijsted  that  by  an  easy 
experiment,  but  one  of  great  weight,  it  might  be  shown  whether  the  spores  of 
AgaricHi  rampettrig  twjulre,  before  they  will  germinate,  to  he  subjected  to  such 
a  digestive  process  as  that  which  talces  place  in  the  animal  intestines. 

166fi.  De  Bary  referred  to  the  germination  of  OyirintM  fimelaritts  which  produced 
mycelium  and  fruit  in  a  proper  nutrient  medium,  and  also  spoke  of  the  ger- 
mination of  the  spores  of  the  TremelliQeie  and  of  Dacryomyces. 

1866.  De  Bary  reported  much  work  done  on  the  germination  of  the  Phycomy- 
cetee  and  Ascomycetes,  and  figured  such  germination;  but  he  seems  to  have 
attempted  at  this  time  the  germination  of  only  one  Basidiomycete,  PhaUtu 
ImpudicM,  and  to  have  ftuled  in  this. 

1867.  Woronin,  according  to  De  Bary,  germinated  the  eporea  of  Ejobatidium  vac- 
cina, and  determined  the  let^th  of  a  generation  to  be  fourteen  days  under  the 
most  favorable  conditions;  that  is,  on  the  leaves  of  Vaccinium. 

1870.  Pitra,  twenty-eight  years  after  Corda  had  recorded  his  observations  on  ger- 
mination in  Spkaerobolut  eUUaiiu,  found  the  germinated  spores  of  this  species  in 
the  sporangium  and  figured  them.  He  observed  nothing  peculiar  in  this  germi- 
nation, and  noted  that  the  hyphie  miglit  grow  from  one  or  both  endsof  the  spore. 

1872.  Woronin  determined  that  the  sporesof  Cbpn'nu«  f/i/iem^rtM  would  germinate 
in  six  hours  in  a  thoroughly  cooked  and  filtered  decoction  of  horse  manure. 

1874.  Hartig,  as  reported  by  De  Bary,  described  in  full  the  development  of  Agaricae 
melleus. 

1870.  Eidam  demonstrated  the  easy  germination,  in  drops  of  manure  decoction,  of 
the  spores  of  all  the  Coprini  which  he  had  studied.  Spores  of  Agaricut  eopro- 
philue  germinated  in  from  e^hteen  to  twenty  hours  and  conducted  themselves 
exactly  like  those  of  the  Coprini.  He  made  the  interesting  observation  that  in 
spite  of  like  conditions  not  all  of  these  spores  germinated  at  the  same  time. 
In  some  cases  germination  did  not  take  place  until  after  four  days,  and  then 
short,  thick  tubes  were  put  out. 

187B  and  1876.  Van  Ti^hein  who,  hke  Eidam,  was  seeking  to  demonstrate  the 
presence  of  sexual  organs  in  the  Basiiliomycetes  succeeded  in  germinating  the 
spores  of  several  Coprini,  Affiincus  copropkUu*,  Hypholonin  fiiKicuUtrit,  Pholiota 
mulabilii,  Galem  tener,  Colbjbia  celatipts,  and  many  forms  with  white  spores. 
The  stages  of  development  could  be  easily  traced  in  all,  but  showed  most  Iteau- 
tifuHy  in  CoUybia  retutipet, 

1876.  Hesse  published  a  paper  on  the  germination  of  the  sporea  of  Cyathw  ttrialu*. 
He  did  not  accept  Hoffman's  germination  of  the  spores  of  this  species,  and 
said  that  now,  sixteen  years  after  the  appearance  of  Hoffman's  report,  there 
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was  recorded  Cor  the  first  time  the  real  ^rmination  of  this  Conn.  Spores  w 
colle<^t«d  at  various  times  of  the  year,  and  cultures  tiiade  in  water 
eolulion,  and  on  pterilized  rabbit  mannre,  but  no  germination  occurred.  The 
name  methods  were  tried,  with  Ofialer,  Borintii,  Lycopfrdim,  TuiuMonui,  Srleri/- 
derma,  etc.,  but  witli  these,  also,  they  resultetl  in  failure.  It  was  thought 
that  the  spores  of  the  (iasteromycetes  might  first  be  capable  of  geniiinalion 
after  passin);  through  the  animal  body,  and  experimente  to  determine  this 
point  were  tried,  but  gave  only  negative  results. 

At  la.st  he  succeeded  in  bringing  the  sporeH  of  Ci/nlAiuitfrta/u*  to  germination; 
bat  he  did  not  wish  to  describe  bis  methods  until  he  liad  convinced  himeelf 
that  he  had  found  not  only  the  way  to  germinate  these  H|)ores,  but  tiie  s|>orefl 
of  otlier  Gaflteromycetes  an  well.  This  much,  however,  he  ventured  to  reveal, 
that  then;  sjxjrea  would  germinate  in  pure  water  in  from  eighteen  to  twenty- 
four  hours  if  the  other  necessary  conditions  for  germination  had  been  fulfilled. 
1876.  Eidam'8  publication,  in  which  the  germination  of  the  s[ioreH  of  Ci/atbat 
ftriitl'is  and  Crurihiiluni  riiigare  was  described  and  ligured,  appean^  Blniiist 
simultaneously  with  Ileive's  paper.  £idaiu  considered  that  the  negative 
results  obtained  by  the  earlier  studentij  of  these  species  were  due  to  the  fact 
that  the  spores  )iad  not  been  brought  into  cundilJons  favorable  for  their  germi- 
nation and  further  development  prior  to  the  setting  up  of  the  culturea.  Id 
order  to  eliminate  this  source  of  error  the  spores  were  placed  in  suitable  nutri- 
meut  under  a  bell  jai'  lined  with  moist  blotting  paper  and  kept  at  a  tempera- 
ture from  20-25°  C.  for  a  day  and  a  night.  Thus  the  life  activity  of  the  spores 
was  enhanced.  Those  kept  at  the  n>oni  temperature  from  October  to  Decem- 
ber gave  results  much  more  slowly  and  quite  irregularly. 

Decoctions  of  plums  or  prunes,  liark,  dei'aying  wood,  hay,  and  horse  manure, 
filtered  and  crystal  clear,  were  used  as  culture  nie<ba.  Due  precautions  were 
exercised  to  obtain  the  spores  in  as  pure  a  condition  as  possible.  The  spores 
of  C';//Uliwi  ttriatas  germinated  in  a  decoction  of  manure  at  a  temperalure  of 
about  25°  C.  One,  two,  or  three  germ-tubes  were  formed.  The  spores  were 
also  germinated  and  abundant  mycelium  developed  on  sterilized  horse  manure. 
Several  genn  tubes  were  developed  from  each  s|>ore  in  Crucibulum  vulgare, 
and  the  spores  swelled  to  twice  their  niirmal  size  before  emitting  tubes. 

1876.  Reese  added  hiu  name  to  the  list  of  those  who  had  germinated  the  spores  of 
the  Coprioi.  He  afiirmed  that  he  had  tried  in  vain  to  get  positive  results 
with  Agaiicui  unmpefiriti,  S/ili.-eroliolus  nUUalun,  and  IMicihuliim  vulgare,  and 
that  be  had  at  last  turned  to  Coprmat  elercorarius.  This  species  germinated 
in  from  four  to  five  hours  in  a  sterilized  decoction  of  horw  manure;  and.  In 
the  presence  of  a  high  temperature  and  much  moisture,  fruit  bixlies  were 
formed  in  eight  days.  It  kept  cooler  and  drier  the  length  of  a  generation 
was  from  eighteen  to  twenty  days.  Fruit  bodies  of  Ci>priiiu«  ephaaerag  were 
never obiainetl  in  less  than  tuenty-four  days  after  the  germination  of  the 
spores. 

1877.  Brefeld's  first  important  work  on  the  Basidiomycetes  appeared,  as  is  well 
known,  in  1877.  He  succeeded  at  this  time  in  obtaining  the  early  stages  of 
development  for  a  considerable  number  of  st>ecies. 

Spores  of  Ciiprinv»  eterroTiiriun,  C.  tphfinenim,  C.  ephemeroida,  and  C.  lagoput 
germinated  easily  and  surely  in  a  decoction  of  manure.  Sporophores  of 
Agaricus  metleus  were  placed  in  a  watch  glass  for  a  quarter  of  an  hour.  Some 
of  the  spores  thus  obtained  were  transferred  to  a  drop  of  fruit  decoction, 
where  they  germinate<l  in  three  days.  Accordii^  to  hia  inveat^tions,  the 
spores  of  the  Nidulariaceie  germinated  readily  at  a  temperature  of  15  to  1S°. 
'l)fphiita  i-ariidnlie  and  T.  aimptuiiaUi  were  studied,  and  theirspores  germinated 
as  representatives  of  the  Clavariaceie.     The  spores  of  Trem^la  were  eaeilf 
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and  Burely  germinated,  but  only  when  freshly  thrown  oH.  In  the  case  of 
Dacrynmyn  deliefiKKCfne,  the  uporea  germinated,  after  several  diviaiona,  with 
conidia  formatinn.  Conidia  were  fornied  in  all  the  species  studied,  but  only 
those  of  Tremellft  were  observed  to  germinate.  Many  lieastera  and  Lycoper- 
dons  were  cultiireil.  but  the  spores  of  none  of  theiu  were  brought  to  sffrmi- 

1881.  Brefeld  has  given  a  detailed  account  of  hix  culture  melhi>d«  in  tlie  fourth 
part  of  his  studies  of  the  Fun(ri.  It  would  not  be  prattimble  to  enter  upon  a 
difioussion  of  tho«'  methods  here.  They  are  familiar  to  all  ^itudeiits  of  mycol- 
ogy at  the  present  day.  We  might,  however,  remark,  in  ]>a8»irij;,  that  he  used 
a  great  variety  of  decoctions,  and  evidently  employed  nterilizatiou  precAUtions 
wherever  pofvible  thniughont  his  work. 

1684.  De  Bar}'  gave  a  partial  snminary  in  18IU  of  the  residts  oblaiiie<l  previnuH  to 
that  time  in  the  germination  of  BattidiomvL-etoua  spores,  Imt  he  contributed 
little  to  the  subject  that  was  really  new.  He  considered  the  external  conditions 
necessary  tor  the  germination  of  fungous  p]iore^  to  be  a  supply  iit  watei',  ii 
supply  of  osygen,  a  certain  temperature,  and  in  some  cases  a  nutrient  Buli- 
atance  or  food  supply,  lie  made  the  statement  later,  however,  that  the  neces- 
sity of  oxygen  fur  the  germination  of  these  sixires  had  never  been  sufficiently 
tested.  Of  the  fungi  whose  basiiliosixired  hail  never  In-en  certainly  known  to 
germinate  lie  cited  AgtiTiciit  r-impeelri»,  the  Lyi-operdaceie,  Phalloideie,  and 
1 1  y ill  enogast  reie. 

1884.  Fischer  studied  the  life  history  of  Spbarolioliui  fteltatiit.  Very  l)eautiful 
cultures  were  obtaineii  by  sowing  sporangia  on  sawdust  that  had  Ijeen  boiled 
in  water  and  afterwardf  put  into  porous  clay  dishes.  After  the  sporangia  were 
sown  the  in>t«  were  set  into  water  that  the  cultures  might  lie  kept  moist.  As 
many  as  sis  fruit-lvxlies,  measuring  from  9  to  9i  cm.,  were  developed  in  a  sin- 
gle pot  at  one  time.  Spores  ke|)t  from  the  end  of  February  to  the  following 
Octol)er  germinateil,  liut  more  slowly  tlian  fresh  spores. 

Gemmte  anil  basidiospores  were  found  inside  the  same  sporangium,  and  the 
germination  of  1x>th  was  oliser\'ed  and  flgure<l.  For  a  long  time  he  was  not 
able  to  induce  the  spores  to  germinate.  High  temperatures,  feeding  to  birds, 
etc.,  were  trieil,  hut  always  with  negative  resulb'.  He  had  almost  come  to  the 
conclusion  that  these  spores  were  not  capable  of  fnrther  development  when , 
they  were  found  to  germinate  in  les?  than  twenty-four  hours  in  a  culture  of 
manure  decoction  free  of  gemmii'.  F^ch  spore  was  observed  to  emit  a  single 
germ-tul)e,  whereas  Pitra  (1870)  found  tutes  at  l>oth  poles  of  the  spores.  For 
this  reason  Fischer  thought  that  Pitra  did  not  see  the  basidiospores  germinate, 
but  the  gemmtc  instead,  as  these  send  out  hyphte  from  lx>th  ends.  He  also 
doubted  thai  Corda  (1842)  saw  these  spores  genninate.  Many  of  the  s[>ore8 
do  not  genninate,  but  gradually  disintegrate;  and  he  suggests  that  in  this 
species  the  gemmie  have  assumed  the  function  of  the  spores,  and  produce 
mycelium  at  the  cost  of  the  true  baBidiosjwres  which  are  used  to  nourish  the 
growing  hyplne. 

1888  and  1889.  Breteld  published  jwrts  seven  and  eight  of  his  studies  of  the 
Fungi  in  18S8  and  1889,  respectively.  These  volumes  are  devoted  almost 
excluiiiveiy  to  a  consideration  of  the  development  of  the  Basidiomycetes.  In 
them  the  author  describes  tlie  germination  of  more  than  one  hundred  and 
sixty  species,  and  mentions  over  forty  othera  which  were  cultured  but  failed 
to  germinate.  The  very  interesting  discovery  was  made  that  while  the  spores 
of  Famri)!'!*  nimfiiDtidala  germinated  only  in  manure  decoction,  the  mycelium 
grew  abundantly  in  all  the  nutrient  solutions  in  which  the  spores  wouhl  not 
germinate.  This  was  also  saiil  to  be  true  for  the  Coprini,  and  for  almost  all 
the  manure-inhabiting  Agarics. 
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1891.  CoDStantin  f^nuinated  the  spores  o(  Nydalit  lycoperdoidei  in  pure  cultoree  on 
bU  sorts  of  nutrient  sabetancee — oak  and  beech  leaves,  potato  in  orange  juice, 
beet,  carrot,  and  on  other  mushrooms.  The  spores  germinated  in  twentv-four 
hours  at  a  temperature  of  24°,  and  later  gave  rise  to  nonnal  fruilrbodics.  He 
was  able  to  keep  cultures  of  this  species  for  three  years  without  con  tain  JDation. 
ilamtmiut  olea:  was  also  cultured.  Olive  leaves  covered  with  small  plants 
were  put  on  a  plate  and  placed  under  a  bell-jar.  When  the  fruit-bodjcs 
appeared,  he  placed  sterilized  watch  glasses,  containing  sterilized  water  under 
the  caps.  Baeidioapores  were  thus  gathered  and  transferred  by  means  of  a 
platinum  needle  to  teat-tubes  containing  sterilize<l  olive  leaves.  After  some 
time,  sporoporex  of  the  Maratmiiu  appeared  in  these  tubes. 

1893.  Soholz  was  able  to  trace  every  step  in  the  development  of  Ai/ariciu  mdJeut, 
and,  accxjrding  to  his  reviewer,  he  observeil  much  that  was  new. 

1894.  Hartig  demonstrated  the  fact  thatthesporesof -Iftru/iun  /<ic/trf/ni<r)M  germinate, 
in  cultures,  only  when  ammonia  or  the  salts  of  sodium  or  potassium  are  added 
to  the  infusion  in  which  the  spores  are  placed.  He  did  not  believe  that  these 
salts  were  to  \ie  regarded  as  nutritive  in  their  effect,  but  that  th^y  merely 
served  to  render  possible  the  removal  of  the  spore  pellicle  that  covers  the  germ 
aperature.  He  was  of  the  opinion  that  every  spore  and  every  seed  contains  a 
certain  quantity  of  nourishment  derived  from  the  parent  plant,  and  instantly 
available  for  use  in  germination'  hence  an  external  supply  of  food  can  not  be 


1894.  Constantin's  paper  on  the  culture  of  Polyporu*  atiuavionus  can  be  mentioned 
only  by  title,  as  the  writer  has  been  able  to  obtain  neither  the  original  article 
nor  any  review  of  it. 

189D.  Wehmer  brought  some  frozen  specimens  of  PUuTotue  t«lr«(i(iM  into  the  lab- 
oratory after  about  two  weeks  of  continued  frost.  The  plants  were  gradually 
thawed  out,  and  the  spores  collected.  Somewhat  later  these  wpores  were  found 
to  germinate  abundantly  in  sugar  solution. 

1898.  Bepin  published  a  bulletin  which  contains  this  statement  (quoted  from  a 
reprint  in  English'i:  "There  is  no  mystery  in  the  germination  of  mushroom 
spores.  It  can  be  brought  about  on  any  of  the  nutrient  media  u!»ed  by  hacteri- 
olt^sts,  but  germination  does  not  take  place  with  rapidity,  and  requires  to  be 
stimulated  by  some  artificial  means  or  contrivances,  which  vary  with  the  ideas 
of  the  operator,  and  A'hich  may  be  discovered  after  some  fruitless  experiments 
have  been  made  "  This  lucid  statement  can  not  be  said  to  contribute  greatly 
to  our  knowle<lge  of  the  subject  in  hand- 
Judging  from  Repin's  sentence,  "The  spores  that  will  germinate,  and  these 
are  always  the  fewest  in  number,  do  so  by—,"  it  would  appear  that  the  stu- 
dents of  the  Pasteur  Institute  had  not  succeeded  in  obtaining  a  high  degree  of 
germination  with  the  spores  of  Agarietm  rampestri*. 

1901.  Duggar,  in  his  recent  investigations  of  the  germination  of  fungous  spores, 
studied  but  four  Basidiomyceles — Coprimi'imicaceut.C.  (oniiiliit,C.fiinelariiit,a,nd 
one  species  of  Bolelut.  Of  these,  Coprinmcomatus  and  BoWn«  showed  no  germi- 
nation; (i>priti'ii  Jimetariu*  gave  smalt  percentages  of  germination  in  plant 
decoctions  only;  and  Cbpnntis  micaivuji  gave  almost  perfect  germination  ia 
bean  and  dung  decoctions,  but  scarcely  any  germination  in  solutions  devoid  of 
plant  decoction.  The  mycelium  of  Coprinue  mieacet'c  was  found  to  grow  abun- 
dantly in  solutions  in  which  the  spores  failed  to  germinate.  The  roncluaioD 
was  therefore  drawn  that,  if  the  stimulus  to  germination  l)e  a  food  stimulus, 
it  must  belong  to  the  class  of  peculiar  foods. 
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EXPLANATION  OF  PLATES. 


Fig  1.  The  germinated  aporea  as  they  appear  when  bnt  a  few  eporee  have  fcermi- 
nated  ■□  a  given  culture.    In  bean  tlecoction. 

Fig.  2.  The  germinated  Bporee  as  they  appear  when  large  numbera  of  aporea  germi- 
nate under  the  influence  of  the  growing  niycelium  of  Agaricua  rampeetria.  These 
eporee  had  been  kept  for  a  week  after  their  germination,  but  ahowed  no  evidence 
whatever  of  further  growth.     In  Lepiota  decoction. 

Fig.  3.  One  ol  the  aporea  ahown  in  tig.  2,  twenty-four  hours  after  it  had  been 
trauaferred  to  a.  drop  of  fresh  Lepiota  decoction. 

Fig.  4.  Some  spores  which  had  germinated  in  mahure  decoction,  showing  exactly 
the  same  appearance  as  those  in  fig.  2.  They  were  kept  for  one  week  after  germi- 
nation, but  showed  no  signs  of  further  development,  and  were  then  transferred  to  a 
drop  of  fresh  manure  decoction.  They  were  figurwl  twenty-four  hours  after  the 
transfers  were  made.  It  will  be  noted  that  growth  was  much  slower  than  in  the 
Lepiota  decoction.     (Fig.  3.) 

Fig.  5,  Germination  and  growth  in  manure  decoction  containing  hippnric  acid. 

Fig.  6.  A  germinating  spore  showing  the  irregular,  much-branched  hyphn  char- 
acteristic of  the  first  stages  of  growth.    In  beet  decoction. 

Fig.  7.  The  outer  ends  of  two  threads  showing  the  characteristic  structure  of  the 
older  mycelium.    In  Lepiota  decoction. 


a  hanging  drop,  and  then  transferred  to  bean  stems  in  test- 


Fig.  1.  The  stand  open,  as  when  one  is  examining  the  cultures. 
Fig.  2,  The  stand  closed  and  ready  for  placing  in  the  thermostat. 
Fig.  3.  The  bottom  tray  and  one  of  the  other  trays,  showing  stnicture. 
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A  stand  for  supporting  the  slides,  when  one  is  using  the  Van  Tle^hem  cells,  shoiiI<1 
be  iiiaite  of  snch  material  and  in  such  a  way  that  it  «-ill  neither  bum.  warp,  nor  meh 
upon  beii^  heated,  for  it  is  often  denirable  to  eteriliae  the  i«lla  i)efore  nmking  up  tJie 
oiilturef.  It  should  aUo  combine  economy  of  space  with  ease  of  manipulation.  All 
these  points  are  charaeteristie  of  the  little  piece  of  apparatus  which  1  have  u»ed,  three 
views  of  which  are  shown  in  Plate  HI. 

Tliiw  stand  consists,  aa  will  be  seen  from  the  illustrations,  of  a  series  of  traya  placed 
one  above  another.  Each  tray  waa  maile  from  a  single  piece  of  tin  without  the  upe 
of  solder.  The  tin  measured  131  by  3(1  inches  after  the  edges  were  turned.  Thia 
wan  folded  on  three  sidec,  juat  as  one  folds  a  piwe  of  imper  in  making  the  lioxee 
descrilied  by  I^ee  (1S98)  for  enibeiiding  material  in  {>aralfin.  A  strip  Ij  inches  wide 
along  both  ends  an<)  on  one  side  was  bent  up  at  right  angies  to  the  rer4,  so  thata  liox, 
open  at  the  top  and  along  one  side,  was  formed,  which  measuretl  11  hy  2]  inched'  on 
the  Imttom.  The  double,  triangular,  ear-like  projectionH  fomieil  at  the  two  comers 
were  folded  aloug  the  back  and  secured  by  means  of  rivets.  The  tin  was  then  cut  or 
sloshed  three-eighths  of  an  ineb  de^p  1  inch  distant  from  either  comer  on  the  Iwck. 
Similar  cuts  were  also  made  at  tbe  comcnj,  and  three,  eijually  distant  from  each  other 
anil  from  the  outer  e<lges,  were  [nade  on  either  end.  The  segment  of  tin  along  the 
middle  of  the  back  and  those  next  to  the  free,  outer  segments  on  the  ends  were  folded 
ill  until  parallel  with  the  bottom.  Theseactasashelfon  which  to  rest  the  next  higher 
tray.  The  outer  and  imiennost  segments  at  both  ends  were  iH^nt  outwar<l,  forming 
projections  which  are  very  useful  in  lifting  the  trays.  The  second  segment  from  the 
comer  on  either  end  was  l>ent  out  at  right  angles  to  the  side,  and  then  the  outer  por- 
tion of  it  was  ^ain  turned  up  until  it  was  [lanillel  with  the  jiosition  which  it  fomierly 
occtipie<l.  These,  with  the  segments  at  both  comers  along  the  l>ack,  which  were  left 
erect,  prevent  the  next  higher  tray  fniiu  clipping  or  ^^liding.  It  wat^  found  desirable 
to  cut  the  lx>ttoins  of  llie  trays  out,  as  I'bown  in  fig.  3,  since  the  rapid  absorption  of 
heat  by  the  tin  has  a  tendency  to  increase  the  condensation  moisture  on  the  cover 
glasses. 

For  convenience  in  use,  it  is  necessary  that  the  trays  be  about  one-fourth  of  an  inch 
narrower  than  the  slides  are  long.  Unfortunately  the  slides  thus  extending  over  the 
edges  of  the  pans  are  very  easdly  stmck,  and  the  cultures  thereby  endangered  when 
one  is  putting  other  material  into  or  taking  it  out  from  the  thermostat.  To  guanl 
against  such  accident,  as  well  aa  for  greater  ease  in  carrying,  a  lx)ttom  tray  waa  made 
one-fourth  of  an  inch  wider  than  the  others,  and  with  a  back  5J  inches  high.  This 
tray  had  five  stigiiients  cut  at  each  end,  instead  of  four,  atxl  thefie  were  turned  the 
same  as  in  the  other  trays  except  that  the  outermost  was  bent  in  to  give  greater  sta- 
liiiity.  Shelves  were  made  along  the  back  by  cutting  and  folding  in  the  tin  at  three 
points  (fig,  3).  The  windows  thus  fornied  give  free  circulation  of  air.  These  win- 
dows, each  2i  inches  long  and  1  inch  deep,  were  so  cut  that  it  the  piei«e  of  tin  freed 
42 
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along  three  sides  had  been  bent  straight  inward,  they  would  have  tormefl  phelves 
one-tourth  ot  an  int-h  higher  than  thone  at  the  ends.  But  they  were  doubled  in  clone 
a^inst  the  bark  for  ont^-fourth  rif  an  inch,  and  then  tnme<l  out  until  they  Htood 
parallel  with  the  bottom  of  the  tray.  This  ifivec  a  little  back  at  the  j)(iinti<  where  the 
windows  occur  and  prevents  any  cultures  on  the  wcond  tray  from  Blipping  through 
these  open  HpaceH.  For  convenience  in  handhng,  the  bottom  waw  not  rut  from  this 
flri't  tray  a»  from  the  others,  and  it  may  be  useil  as  a  support  for  cultures  or  not,  at 
the  discretion  of  the  investigator. 

Tlie  trays  were  all  made  of  the  same  size.  Five  trays  lieciiles  the  Ixrttom  oue  i-on- 
Htitute  "a  set"  as  we  have  use<l  them.  Each  set  hnlilg  1211  cultures  and  o^'cupios 
only  3fi  t>()uare  inches  of  space  in  the  thermostat.  The  trays  may,  of  course,  he 
made  of  any  length  or  of  any  height,  the  dimensions  given  being  thoiK  lieft  Buite<l  to 
the  thennostat  which  we  have  Hi^d.  When  all  the  trays  have  K-en  filled  in  making 
up  a  set  of  cultures  (fig.  1),  the  five  upper  ones  are  lifted  together  anil  so  plai-ed  on 
tiie  lowest  pan  that  their  open  sides  are  againrt  the  back  ot  this  tray  (fi)r.  2). 

Tlie  number  ot  words  which  seem  to  be  necessary  for  accurately  dearibitiR  this 
little  piece  of  apparatus  makes  it  appear  somewhat  coniplicateil;  but  if  one  will 
take  a  piece  ot  paper  of  suitable  dimensions  and  follow  the  (iescripti<jn  given,  he  will 
find  that  the  making  of  a  model  for  one  of  these  trays  is  a  verj-  simple  matter. 
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Office  op  the  Chief, 
Washingtm,  D.  C,  January  W,  190$. 
Sib:  I  have  the  honor  to  transmit  herewith  two  papers,  one  entitled 
The  Wilt  Disease  of  the  Cowpea  and  its  Control  and  the  other  A  Cow- 
pea  Resistant  to  Root  Knot,  and  respectfully  recommend  that  thej  be 
published  as  Bulletin  No.  17  of  the  Bureau  series,  under  the  general 
title  Some  Diseases  of  the  Cowpea.  The  papers  were  prepared, 
respectively,  by  Mr.  William  A.  Orton  and  Mr.  H.  J.  Webber,  both 
of  Vegetable  Pathological  and  Physiological  Investigations,  and  were 
submitted  by  the  Pathologist  and  Physiologist. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secrdary  of  Agricyltiere. 
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PREFACE. 


Among  the  diseases  of  plante  aiost  difficult  to  deal  with  are  those 
which  attack  the  roots.  For  a  number  of  j'ears  this  office  has  been 
investigatingsuchdiseasesand  has  published  several  bulletins  in  regard 
to  them.  Among  these  diseases  is  the  wilt  of  cotton,  which  spread  so 
rapidly  oyer  many  valuable  cotton  areas  as  to  render  cotton  growing 
impossible  on  the  infected  soil.  Mr.  William  A.  Orton,  the  author  of 
the  first  paper  of  this  bulletin,  was  sent  to  South  Carolina  in  1899  to 
inaugurate  a  series  of  investigations  with  a  view  of  finding  a  means  of 
controlling  this  wilt.  He  found,  as  a  result  of  the  first  year's  work, 
that  it  would  be  impracticable  to  destroy  the  fungus  by  any  method  of 
treating  the  soil.  In  the  course  of  his  investigations,  however,  his 
attention  was  called  to  the  fact  that  certain  plants  were  resistant  to  the 
wilt,  and  by  selecting  such  plants  he  obtained  a  number  of  strains  of 
the  best  varieties  sufficiently  resbtant  to  the  disease  to  be  grown  on  the 
worst  infected  lands. 

The  first  part  of  the  present  bulletin  deals  with  a  disease  of  cowpeas 
closely  related  to  the  wilt  disease  of  cotton.  This  is  so  prevalent  in 
certain  areas  as  to  render  the  growth  of  the  cowpea,  which  is  one  of 
the  most  valuable  rotation  crops,  impossible  in  such  area^.  Working 
on  the  principle  of  the  resistance  of  certain  plants,  as  in  the  case  of 
cotton,  a  variety  of  cowpea,  known  as  the  Iron,  which  is  resistant  to 
the  disease,  has  been  found,  and  no  doubt  other  resistant  varieties  will 
be  obtained.  The  second  part  of  the  bulletin  deals  with  the  so-called 
eel  worm,  or  root  nematode.  This  attacks  the  roots  of  the  cowpea  and 
causes  them  to  swell  and  become  distorted,  thus  preventing  normal 
healthy  growth.  The  ordinary  varieties  are  peculiarly  sensitive  to 
this  trouble,  and  as  the  same  eel  worms  attack  many  other  crops  there 
is  danger  of  these  becoming  infested  where  the  cowpea  is  used  as  a 
rotation  crop. 

Albebt  F.  Woods, 
Pathdogist  and  Pkysiologiat. 

Office  of  the  Patholooist  and  Phtsiolooibt. 

Washington,  D.  C,  January  SO,  190S. 
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SOME  DISEASES  OF  THE  COWPEA. 


I.     THE  WILT  DISEASE  OF  THE  COWPEA  AND  ITS  CONTROL. 

By  W.  A.  Orton,  AmtUml  PathologUt. 

DTTBODUmON. 

The  inyesttgation  of  the  wilt  disease  of  the  cowpea  was  undertaken 
by  the  writer  in  connection  with  similar  work  on  the  wilt  of  cotton 
and  watermelons,  begun  in  1899.  These  diseaaes  had  previously  been 
studied  by  Dr.  Erwin  F.  Smith,  of  this  Department,  and  in  Bulletin 
No.  17 '  of  the  Division  of  Vegetable  Physiologj"  and  Pathology  the 
results  were  given  of  extensive  investigations,  showing  the  (»use  of  the 
disease,  and  the  nature,  habits,  and  relationships  of  the  fungus  pro- 
ducing it. 

The  efforts  of  the  writer  have  been  directed  mainly  toward  the  solu- 
tion of  some  problems  necessarily  left  unfinished  by  Dr.  Smith,  and 
especially  toward  finding  a  practicable  remedy  for  the  disease.  This 
work  haa  resulted  in  the  discovery  of  a  race  of  cowpea  resistant  to  the 
,  attacks  of  the  wilt  fungus,  and  the  experiments  carried  on  by  the 
Department  indicate  that  it  will  be  possible  by  careful  selection  to 
obtain  other  races  adapted  to  different  uses.  The  work  has  not  yet 
been  completed,  but  it  is  believed  that  the  results  already  obtained 
justify  publication,  since  the  suggestions  offered  will  afford  relief  to 
the  farmers  who  have  been  troubled  with  the  cowpea  wilt,  and  because 
they  may  suggest  methods  that  will  also  be  useful  in  combating  other 
diseases  than  the  one  treated  here. 

DESOBITTIOH  OF  tSE  DIBEASB. 

The  disease  first  appears  when  the  plants  are  about  six  weeks  old. 
Up  to  this  time  they  will  grow  very  well  and  appear  perfectly  healthy. 
Scattered  plants  then  begin  to  drop  their  leaves,  the  lower  ones  falling 
first.  Oi'owth  is  checked,  and  the  stem  shows  a  faint  reddish-brown 
tinge.  After  the  leaves  have  fallen  the  stem  becomes  dead  and  covered 
with  a  light-pink  coating  of  the  spores  of  the  wilt  fungus  (PI.  I). 
The  spread  of  the  disease  is  more  gradual  and  less  conspicuous  in  the 
early  part  of  the  season,  but  after  the  peas  begin  to  set  fruit  they 
succumb  vei-y  rapidly,  and  a  field  that  in  July  may  promise  a  fine 

'Smith,  Erwin  F.,  Wilt  DiBeane  of  UottOD,  Watermelon,  and  Cowpea,  1899. 
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crop  may  be  entirely  dead  before  September  without  having  matured 
a  pod.  The  disease  usually  appears  Id  spots,  like  the  cotton  wilt,  and 
these  diseased  area^  spread  until  they  may  <rover  a  whole  field. 

In  moderate  cases,  or  where  the  varieties  planted  are  less  subject  to 
the  dii^ease,  only  the  weaker  plants  are  killed,  while  the  rest  are 
dwarfed  and  their  yield  reduced.  A  careful  examination  of  the  roots 
will  show  that  many  of  the  small  lateral  roots  are  dead  and  small  tufts 
of  roots  mark  the  points  of  infection  (fig.  1).  This  tufting  of  the 
rootlets  is  similar  to  that  produced  on  cotton  by  the  cotton-wilt  fungus. 
In  all  cases  the  vascular  tissue  of  the  stem  is  brown,  and  the  disease 
may  be  clearly  distinguished  by  cutting  across  the  stem  and  observing 
whether  the  color  of  the  wood  is  nor- 
mal. This  discoloration  is  character- 
istic of  this  class  of  diseases.  The  term 
"wilt"  is  somewhat  misleading,  as  the 
leaves  usually  drop  off  before  there  is 
any  conspicuous  wilting.  The  name 
was  applied  because  of  its  relationship 
to  the  wilt  of  cotton  and  watermelons, 
where  this  symptom  is  verj'  prominent, 
and  it  has  seemed  desirable  to  retain  it 
for  the  cowpea  disease. 

OAUBi:  OF  THE  DISEASE. 

The  disease  is  caused  by  a  fungus, 
JYeoccmiwspora  vasinfecta,  var.  trachei- 
phila,  Erw,  Sm. '  It  enters  the  plant 
from  the  soil  through  the  smaller  roots 
and  grows  through  the  water  ducts  of 
the  stem  until  it  may  be  found,  in 
advanced  cases,  even  in  the  smaller 
branches  and  the  petioles  of  the  leaves. 
The  brown  color  of  the  wood  is  due  to 
the  action  of  the  fungus  on  the  walls  of  the  vessel  it  occupies.  The 
mycelium  is  nearly  white,  but  it  causes  the  walls  of  the  vessels  to 
become  deeply  stained.  The  fungus  is  not  found  outside  of  the  water 
vessels  while  the  plant  U  living.  It  is  present  within  them  in  consid- 
erable quantities.  Some  of  the  vessels  are  completely  filled  with  the 
interwoven  hyphse  of  the  fungus,  and  the  supply  of  water  and  plant 
food  carried  from  the  roots  to  the  leaves  is  greatly  diminished.  The 
appearance  of  the  plant  affected  by  this  disease  indicates  that  it  is 
suffering  from  a  lack  of  water.  Rains  at  this  stage  do  not  help  it, 
however,  and  usually  only  a  few  days  elapse  after  the  disease  appears 
before  the  plant  is  dead. 

'  DcBcribed  in  Bui.  17,  Div.  Vejt-  Phy'e.  and  Path.    Smith,  Erwin  F.,  Wilt  Disease 
of  Cotton,  Watermelon,  and  Cowpea,  1899. 
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CAUSE   OF   THE   DISEASE.  11 

DESCBIFTION  OF  THE  FUNODS. 

The  following  is  a  detailed  description  of  the  fungus: 

The  mycelium  ib  2-4  ft  in  diameter,  septate,  and  bianchii^  freely.  Its  color  inside 
the  plant  is  hyaline  or  nearly  bo,  bnt  in  pure  cultures  on  certain  media  it  becomes 
bright  red  or  purple.'  It  produces  spores  (micro-conidia)  inaide  the  veaaela  of  the 
living  stem  by  ahetriction  from  branches  of  the  mycelium.  They  are  hyaline,  oval 
to  narrowly  elliptical,  4-25  ii  by  2-0  fi,  nonseptate,  or  sometimes  uniseptate  after 
abacision.  The  presence  of  these  small  conidia  inside  the  water  vessels  affords  a 
reliable  means  of  distinguishing  between  this  fungus  and  other  species  which  may 
be  found  in  the  etems  of  diseased  plants. 

Other  sporea  ( macro-con  Jdia),  the  FumTiwm  stafce  of  the  fungus,  are  borne  in  great 
profusion  on  the  outer  surface  of  the  dead  stems,  or  on  dead,  sunken  spots  on  badly 
diseased  stems,  on  small,  oval  conidia  beds,  conststing  of  short,  irre^lar  conidia- 
phores  that  are  oaturowtha  of  the  internal  fungus,  as  shown  by  the  fact  that  the 
conidia  beds  are  borne  in  parallel  rows,  which  correspond  to  the  vascular  bundlea 
inside  the  stem.  The  spores  are  lunulate,  3-6  septate,  30-50  ft  by  4-6  ft,  hyaline 
when  examined  separately,  but  in  mass  varying  from  nearly  white  to  pink  or  deep 
salmon  color. 

The  ascomycetous  stage  of  the  fungus  is  found  on  the  roots  of  the  dead  plants,  or 
occadonally  on  the  parts  above  ground.  The  perithecia  are  small,  bright-red  bodies, 
borne  sii^ly  or  several  together  on  the  outer  surface  of  the  roots,  ovate,  variable  in 
eize,  260-350 /I  by  200-300 /j;  asci  numerous,  8-spored,  cylindric,  stipitate;  ascospores 
in  one  row,  globose  to  short  elliptical,  rather  thick-walled,  colorless  till  ripe,  then 
light  brown,  variable  in  size,  10-12  fi  in  diameter. 

The  cowpea  fungus  produces  its  perithecia  very  freely  on  dead 
plants,  and  the  writer  has  also  found  them  on  the  root  tubercles  of 
healthy  plants  of  the  Iron  cowpea  growing  on  infected  land.  The 
watermelon  fungus  produces  perithecia  less  freely  and  apparently 
only  under  certain  conditions  or  when  at  a  certain  stage  of  decay, 
while  the  cotton  funguij  fonns  them  still  more  sparingly.  Culturea 
made  from  asco»pore»  of  the  cowpea  fungus  will  reproduce  ascospores 
in  a  week^s  time  when  grown  on  the  proper  media. 

MANNER  OF   INFECTION   AND  SPREAD. 

The  fungus  enters  the  plant  through  the  small  roots,  producing  on 
them  little  tufts  which  seem  to  be  characteristic  of  this  class  of  dis- 
eases. The  manner  in  which  the  cowpea  funguij  spreads  has  not  l:>een 
fully  investigated,  but  as  far  as  now  known  it  is  like  the  cotton  and 
watermelon  wilts,  which  have  been  studied  more  carefully.  The  dis- 
eased areas  In  the  tields  increase  in  size  quite  rapidly  by  direct  growth 
from  the  edge^,  which  is  probably  due  to  the  spread  of  the  mycelium 
throi^h  the  soil,  though  no  experiments  have  been  made  to  demon- 
strate this.  Tue  cotton  fungus  is  carried  by  the  plow  and  cultivator, 
as  evidenced  by  its  spread  down  the  length  of  a  field  from  a  diseased 
area  at  one  end,  in  cases  observed  by  the  writer ;  and  by  cattle,  in 
cases  where  they  passed  through  an  infected  field  on  their  way  to 
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pasture.  The  watermelon  fungus  has  been  ubserred  to  spread  from 
high  to  lower  lands  through  the  drain^e  water.  The  cowpea  fungus 
produ<:«s  spores  in  the  greatest  abundance,  and  there  is  every  reason 
to  believe  that  it  spreads  in  all  these  ways. 

It  is  difficult  to  account,  by  any  of  the  causes  just  mentioned,  for 
isolated  outbreaks  of  the  disease,  which  occur  frequ^itly  where  it  bad 
not  been  observed  before.  The  fungus  is  undoubtedly  widely  distrib- 
uted in  places  where  it  ordinarily  causes  little  or  no  damage  until 
some  favorable  conditions  lead  to  an  unusual  development  of  it.  The 
fact  that  the  disease  may  occur  in  small  quantities  in  a  field  without 
being  noticed  makes  preventive  measures,  designed  to  limit  the  spread 
by  destroying  diseased  plants,  very  nearly  impracticable. 

RELATION  TO  OTHER  WILT  DISEASES. 

As  already  stated,  the  wilt  of  cowpea  is  closely  allied  to  similar  dis- 
eases widely  prevalent  on  cotton,  okra,  watermelon,  and  other  plants. 
The  fungi  causing  these  other  diseases  are  considered  to  be  varieties  of 
the  same  !<pecies.  As  far  astheappearance  of  theparasite  is  concerned 
there  is  no  diflference.  When  grown  in  pure  culture,  they  can  not  be 
distinguished  from  each  other.  The  manner  of  infection  seemsto  be 
the  .-wme  in  all,  and  the  effects  produced  are  quite  similar  in  all  cases. 
The  different  diseases  occur  in  nearly  the  same  territory.  It  is  well 
demonstrated,  however,  that  they  are  not  intercommunicable,  i.  e., 
the  cowpea  disease  attacks  nothing  but  cowpeas,  the  watermelon  wilt 
nothing  but  watermelons,  the  cotton  wilt  only  okra  and  cotton.  The 
cross  inoculations  from  pure  cultures  of  the  different  fungi,  reported 
by  Br.  Smith '  were  all  unsuccessful.  Some  experiments  made  by  the 
writer  of  gi-afting  pieces  of  diseased  cowpea  stems  into  cotton  plants 
and  vice  vei-sa  were  also  unsuccessful.  The  writer  has  seen  cowpeas 
pei-fectly  free  from  disease  in  a  very  large  number  of  cotton  fields 
where  the  cotton  wilt  was  present,  and  in  several  Instances  cowpeas 
have  been  observed  to  do  well  when  grown  in  fields  where  water- 
melons were  dying  trom  wilt. 

In  Monetta,  S.  C,  cowpeas  thrive  where  watermelons  die  from  wilt, 
and  cotton  does  well  where  cowpeas  are  all  killed.  Id  Dillon  both  the 
cotton  and  cowpea  are  affected,  while  watermelons  are  healthy  on  the 
same  land.  It  frequently  happens  that  more  than  one  of  these  dis- 
eases occur  in  the  same  field,  but  it  has  never  been  proved  that  one 
disease  induces  another.  One  instance,  at  least,  has  come  to  the  atten- 
tion ,of  the  writer  where,  at  Salters,  S.  C,  the  three  wilt  diseases  of 
cotton,  watermelon,  and  cowpea  all  occurred  in  the  same  field.  In  the 
majority  of  cases,  however,  the  occurrence  of  the  disease  on  the  differ- 
ent plants  is  sufficiently  distinct  to  leave  no  doubt  that  they  are 
noncommunicable. 

'  Smith,  Erwin  F.,  I,  c,  p.  36. 
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DI8TBZBTJTZ0N. 

The  disease  is  known  to  occur  in  North  Carolina,  South  Carolina, 
and  Alabama,  and  tliere  is  every  probability  that  it  will  also  be  found 
in  other  States  where  cowpeas  are  grown.  In  South  Carolina,  where 
most  of  the  inreati^tions  of  this  Department  have  been  carried  on,  it 
has  been  found  widespread  in  the  rountiea  of  Aiken,  Darlington, 
Saluda,  Marion,  Williamsbui^,  and  Charleston.  In  all  these  cases  it 
has  been  found  to  be  more  prevalent  on  sandy  soils  and  in  the  higher, 
better  drained  portions  of  the  fields,  rather  than  in  the  lower  and 
stiffer  soils.  In  this  respect  it  is  like  the  cotton  wilt  and  the  water- 
melon wilt,  which  are  both  more  injurious  on  sandy  soils  than  on  clay. 
It  may  occur  on  clay  soils  also,  but  it  Is  believed  the  regions  in  greatest 
danger  from  the  disease  are  the  coast  region,  the  pine  belt,  and  sand 
bills,  from  North  Carolina  to  Louisiana.  It  is  to  be  looked  for  through- 
out this  area.  The  writer  has  not  had  the  opportimity  of  examining 
all  this  territory,  bat  he  has  found  the  disease  wherever  he  has 
searched  for  it  and  believes  that  futher  observations  will  extend  the 
area  known  to  be  infect«d  with  it. 

EZITENT  OF  Ii088. 

The  disease  has  not  yet  become  sufficiently  widespread  to  cause 
eerious  loss  except  in  a  few  localities,  though  the  aggregate  injury 
from  it  throughout  the  country  must  be  very  considerable.  It  is 
already  a  serious  annoyance  in  many  places  and  thei'e  is  great  danger 
of  its  future  spread.  This  danger  is  emphasized  by  the  recent  rapid 
spread  of  the  cotton  wilt,  a  closely  related  disease,  which  is  yearly 
becoming  more  prevalent  and  now  causes  immense  damage  in  North 
Carolina,  South  Carolina,  Georgia,  Alabama,  Mississippi,  and.  Loui- 
siana. If  conditions  favor  its  development  and  the  proper  means  ai-e 
not  taken  to  check  it,  the  cowpea  wilt  may  become  equally  widespread 
and  proportionately  injurious. 

The  growing  tendency  toward  diversification  and  rotation  of  crops 
in  the  South  is  leading  to  a  much  wider  use  of  the  cowpea  than  formerly 
and  makes  an  understanding  of  its  diseases  of  great  importance. 

The  cowpea  is  the  principal  leguminoua  crop  of  the  South.  It  is 
grown  for  hay,  for  forage,  and  for  the  crop  of  seed,  but  more  than  for 
any  other  reason  because  of  its  value  as  a  fertilizer  and  soil  renovator. 
In  this  use  it  fills  one  of  the  greatest  needs  of  the  South,  where  the 
hot  summer  sun  hastens  the  destruction  of  the  organic  matter  in  the 
soil  and  the  heavy  rains  leachoutthe  soluble  plant  food  from  lands  left 
unprotected  through  the  winter.  The  fertility  of  the  land  can  best  be 
maintained  by  growing  cowpeas  or  related  plants  and  plowing  them 
under  to  increase  the  amount  of  humus  in  the  soil,  or,  better  still,  by 
feeding  them  to  stock  and  returning  the  manure  to  the  soil.  The 
cowi>ea,  in  common  with  other  plants  of  the  bean  family,  is  able  to 
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draw  a  part  of  its  nitrogen  from  the  air,  so  tliat  the  soil  is  left  not 
only  ncber  in  vegetable  matter  than  before,  bat  richer  in  the  most 
expenuive  fertilizing  element,  nitrogen,  and  the  fanner  aeed  apply 
only  the  potash  and  phosphoric  acid.  A  crop  of  cowpeae  also  improvee 
the  meohanical  condition  of  the  boU  br  the  opening  and  loosening  effect 
of  its  deep- feeding  roots. 

The  cowpea  succeeds  well  under  widely  diverse  conditions  of  soil 
and  climate,  from  the  rich  alluvial  lowlands  to  the  most  barren  and 
worn-out  hillsides,  and  from  the  extreme  South  to  the  Central  and 
Northern  States.  The  methods  of  cultivation  vary,  but  it  is  essen- 
tially a  supplementary  or  intermediate  crop.  It  is  very  often  planted 
between  the  corn  rows  at  the  last  cultivation,  or  it  is  sown  broadcast 
or  in  drills,  after  grain  or  some  early  maturing  crop  has  been  removed. 
It  is  an  excellent  crop  for  planting  in  orchards  and  ia  much  used  for 
this  purpose  in  the  peach-growing  districts.  It  is  used  in  the  trucking 
sections  for  planting  between  the  rows  of  asparagus  and  to  occupy  the 
ground  after  an  early  spring  crop  is  taken  off. 

Where  the  wilt  disease  is  present  in  the  soil,  the  injury  to  a  second 
crop  of  cowpeas  is  likely  to  be  much  greater.  It  should  be  possible 
to  grow  cowpeas  nearly  every  year  on  the  same  land,  alone  or  in  con- 
nection with  other  crops,  but  where  the  wilt  fungus  is  present  the  peas 
die,  and  the  farmers,  with  a  partial  understanding  of  the  cause,  say  the 
land  18  "pea  sick."  The  real  reason  for  the  failure  of  the  peas  is  not 
the  deficiency  of  any  fertilizing  elements,  but  because  successive  crops 
of  cowpeas  have  so  increased  the  amount  of  the  wilt  fungus  in  the 
soil  that  the  ordinary  varieties  can  not  live.  This  "pea  sickness"  is 
believed  to  be  due,  in  South  Carolina  at  least,  to  the  wilt  disease, 
though  sometimes  peas  are  injured  by  the  root  nematode,  or  by  a 
borer  in  the  stem.  The  writer  has  known  several  instances  where  the 
wilt  cauBed  practically  a  complete  destruction  of  the  crop,  but  in  the 
majority  of  instances  only  part  of  the  plants  were  killed  or  only  small 
areas  in  the  field  were  badly  attacked.  Where  peas  are  planted  again 
on  such  land  the  injury  is  much  greater.  How  long  the  land  remains 
infected  is  not  known  in  the  case  of  the  cowpea  wilt,  but  the  cotton- 
wilt  fungus  has  been  found  in  the  soil  after  seven  years  in  other  crops, 
and  probably  is  able  to  live  for  a  much  longer  time.  In  the  case  of 
the  cowpea,  the  amount  of  the  wilt  is  greatly  diminished  when  other 
crops  intervene,  according  to  the  experience  of  Mr.  T.  3.  Williams, 
who  believes  that  rotation  of  crops  will  prevent  serious  loss  from 
the  wilt. 

in  many  cases,  however,  it  is  desirable  to  grow  cowpeas  on  the  same 
land  for  several  years,  especially  in  orchards  and  on  lands  which  it  is 
desired  to  bring  to  a  higher  state  of  fertility.  The  occurrence  of  the 
Wilton  such  land  prevents  this  from  being  done  successfully.  Even 
in  the  ordinary  farm  rotation  cowpeas  are  often  grown  more  than  one 
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year  on  the  same  land.  For  instance,  the  rotation  most  ofteii  recom- 
mended for  the  South  by  tlie  best  authorities  is  cam,  with  cowpeas 
between  the  rows;  winter  oal^or  wheat,  followed  by  cowpeas;  cotton.' 
From  the  nature  of  the  disease,  the  writer  doubts  whether  such  a  rota- 
tion as  this  would  prevent  injury  from  the  cowpea  wilt,  if  the  ordinary 
varieties  were  grown,  and  believes  that  under  present  farm  conditions 
the  disease  may  become  ^nerally  prevalent. 


EOTATION  OF  CROPS. 

Where  rotation  is  practiced  there  is  less  trouble  with  the  disease. 
One  or  two  y«ir8  of  other  crops  will  reduce  the  amount  of  the  dis- 
ease so  that  it  will  not  cause  serious  loss,  though  this  relief  is  only 
temporary,  as  it  is  very  doubtful  whether  the  soil  can  be  freed  of  the 
fungus  in  this  way.  It  is  probable  that  where  a  suitable  rotation  of 
crops  is  practiced  this  disease  will  not  be  very  troublesome,  but  it  has 
already  been  pointed  out  that  there  are  many  circumstances  where  it 
is  desirable  to  grow  cowpeas  as  a  secondary  or  intermediate  crop  more 
or  less  continuously  on  the  same  land,  and  there  are  also  many  lands 
so  badly  infected  with  the  fungus  that  ordinary  rotation  of  crops  will 
not  be  sufficient,  and  some  other  means  of  control  must  be  adopted  or 
the  farmer  will  have  to  give  up  the  growing  of  cowpeas. 
SUBSTITDTION  OF  OTHER  CROPS. 

The  alternative  is  left  of  growing  some  other  leguminous  crop,  as 
in  the  experiments  and  observations  of  the  Department  no  crop  except 
the  cowpea  has  been  affected  by  this  wilt  disease.  In  many  cases  this 
can  be  done  to  good  advanti^,  and  unquestionably  Southern  agricul- 
ture would  be  benefited  if  a  greater  variety  of  l^umes  were  used,  but 
it  must  be  admitted  that  no  other  crop  adapted  to  Southern  conditions 
can  fully  take  the  place  of  the  cowpea,  since  no  other  can  be  put  to 
such  a  variety  of  uses. 

Among  the  forage  plants  tested  by  the  Department  the  one  most  to 
be  recommended  as  a  substitute  for  the  cowpea  is  the  velvet  bean. 
This  is  not  subject  to  the  wilt,  but  is  somewhat  liable  to  the  attacks  of 
the  root-knot  worm  or  nematode.  It  produces  a  heavy  growth  of  for- 
age and  makes  excellent  hay,  or  plowed  under  makes  a  valuable  ferti- 
lizer. It  covers  the  ground  well,  and  is  superior  to  the  cowpea  for 
shading  out  grass.  Its  defects  are  that  it  requires  a  long  season  and 
does  not  ripen  seed  except  in  the  extreme  South,  and  the  seed  is 
expensive  to  buy.  It«  trailing  habit  and  long  runners  make  it  diffi- 
cult to  cut  and  make  into  hay  and  hard  to  plow  under,  while  it  is 
objectionable  in  orchards  on  account  of  its  tendency  to  climb  into  the 


'  Tracy,  S.  H.,  FanDers'  Bulletm,  No.  SI. 
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The  soy  bean  and  Florida  beggar  weed  may  be  used  for  hay  as  a 
summer  crop,  or  hairj-  veteb  may  be  Bown  in  the  fall.  All  theae  crops 
have  in  common  the  disadvantage  of  being  unfamiliar  to  the  average 
farmer,  and  consequently  will  be  slow  to  come  into  general  use,  while 
the  cowpea  is  cultivated  and  its  use  understood  everywhere. 

In  view  of  the  fact  that  rotation  of  crops  is  not  always  a  practicable 
remedy  and  that  there  is  no  complete  substitute  for  the  cowpea,  the 
value  of  a  cowpea  resistant  to  the  disease  is  easily  understood. 

The  possibility  of  combating  the  wilt  in  this  way  was  su^ested  by 
the  success  of  similar  methods  in  dealing  with  the  cotton  wilt  (see 
Bulletin  27,  Division  V^^table  Physiology  and  Pathology),'  and  it  was 
learned  from  Mr.  T.  S.  Williams,  of  Monettu,  S.  C,  ^at  a  variety 
known  as  the  Iron  cowpea,  cultivated  by  him,  was  resistant  to  the 
disease.     Mr.  Williams  wrote  August  25,  1900: 

I  think  you  are  working  aJong  the  i^ht  line  in  trying  to  geX  a  variety  of  melon 
iriih  strong  resistance  to  wilt.  •  •  *-  I  have  a  pe&  called  the  Iron  pea,  which  ia 
practically  imper\-ioi]s  to  the  pea  wilt,  or,  as  we  call  it,  "peauckneas."  This  pea  will 
make  a  line  crop  on  lands  where  peaa  have  been  planted  a  number  of  years  and  where 
other  kinde  will  all  die. 

The  writer  visited  Mr.  Williams  later  in  the  season  and  saw  the 
fields  in  question.  The  Iron  pea  was  making  a  vigorous,  healthy 
growth  where  other  varieties  had  died  the  year  before.  The  root«  of 
these  peas  were  examined  and  in  many  cases  showed  the  little  tufts  of 
roots  that  indicate  the  presence  of  the  wilt  fungus  in  the  soil.  Occa- 
sional plants  were  found  to  be  diseased  and  to  have  the  perithecia  of 
the  wilt  fungus  on  their  roots.  In  one  field  where  the  iron  pea  was 
growing  by  the  side  of  the  common  field  cowpea  the  Iron  pea  was 
healthy,  whiletheotherdiedvery  badly  from  the  wilt  disease.  No  nema- 
todes were  found  in  any  of  these  fields.  A  neighbor  of  Mr.  Williams, 
who  for  two  years  had  all  his  peas  die,  planted  the  Iron  pea  this  year 
(1901)  at  Mr.  Williams's  suggestion  and  made  an  excellent  crop. 

EXPERIMENTS   WITH   COWPEAB  AND  OTHER  CROPS. 

Arrangements  were  made  for  a  careful  test  of  different  varietie^t  the 
following  season.  This  test  was  made  by  the  Department  in  cooper- 
ation with  Mr.  Williams  at  Monetta,  S.  C,  on  land  thoroughly 
infected  with  the  cowpea  wilt.  One  and  one-half  acres  were  planted 
May  29,  1901,  to  a  number  of  varieties  of  cowpea.  soy  bean,  velvet 
bean,  and  some  Japanese  forage  plants  obtained  through  the  section 
of  Seed  and  Plant  Introduction  of  this  Department.  The  soil  was 
sandy,  in  good  condition,  and  well  fertilized,  A  crop  of  winter  oats 
had  been  removed  and  the  land  thoroughly  prepared.  All  tHe  ^-arle 
ties  tested  were  planted  by  hand  in  the  same  way,  in  rows  about  3^ 

'  Orton,  W.  A.,  Wilt  Disease  of  Cotton  and  Its  Control,  1900. 
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feet  apail  and  18  inches  apart  in  the  hill,  two  to  ten  seeds  in  a  htU, 
according  to  the  natnre  of  the  variety.  The  field  was  well  cultivated. 
The  ctiie  taken  in  planting  insured  a  good  stand,  and  nearly  all  the 
plats  grew  well  .until  July. 

Scattered  individuals  in  the  different  cowpea  plats  began  to  show 
the  wilt  disease  early  in  July  and  as  the  summer  progressed  more  and 
more  su<'cunibed.  The  amount  of  injury  was  increased  by  the  pres- 
ence in  the  soil  of  the  root-knot  worm  or  nematode  {llviifrodefa  null- 
cictiJa)  and  h_v  a  severe  di-ought  in  July  and  the  early  part  of  August. 
These  conditions  combined  to  make  thete.st  a  very  severe  one. 

The  presence  of  the  nematode  in  the  soil  complicated  the  problem, 
and  special  observations  were  made  to  find  whether  it  or  the  wilt  was 
responsible  for  the  greater  injury.  The  writer  believes  that  the 
destruction  of  the  cowpea  in  this  experiment  was  due  principally  to 
the  wilt  fundus,  though  the  damage  was  undoubtedly  much  increased 
by  the  attacks  of  the  root  nematode.  The  year  previous  cowpeas  on 
neighboring  fields  were  killed  by  the  wilt  and  no  nematodes  found, 
while  in  many  instances  observed  by  the  writer  in  other  localities, 
where  only  the  nematodes  have  been  present,  the  injury  to  cowpeas 
has  been  much  less. 

The  velvet  beans  did  very  well,  making  a  heavy  growth  and  pro- 
ducing a  lai^e  crop  of  seed,  which,  however,  did  not  mature.  They 
seemed  to  be  completely  resistant  to  the  wilt  disease. 

The  soy  beans  were  a  disappointment,  as  they  made  a  very  small 
gix>wth,  one  foot  or  so  high,  and  produced  only  a  small  crop  of  seed. 
They  were  all  badly  attacked  by  the  nematode  and  suffered  much  from 
dry  weather. 

The  Japanese  cowpeas  tested  proved  to  be  very  early  varieties, 
maturing  in  two  months  from  planting,  when  the  American  sorts  were 
just  beginning  to  blossom.  They  were  small,  but  quite  pi-olific,  and 
were  not  greatly  injured  by  the  wilt  This  was  doubtles.s  because  of 
their  extreme  earliness,  as  they  matured  before  the  disease  developed. 
These  varieties  would  be  valuable  for  trial  in  the  North  and  for  late 
planting  in  the  South,  but  for  general  use  they  appear  to  be  inferior 
to  the  common  kinds.  At  the  last  they  were  considerably  injured  by 
wilt  and  the  nematode. 

Of  the  American  cowpeas,  all  made  a  good  start  and  had  an  equal 
chance,  but  none  made  any  crop  except  the  Iron. 

A  brief  account  of  the  behavior  of  these  for^e  plants  as  grown  on 
land  infected  with  wilt  disease  and  nematode  follows: 

Veh-et  bean  (Mueuna  iditu) .—Seed  from  Florida.  S.  P.  I.'  Nob.  4333  and  5066, 
3  p1at«.  Growth  vigoroua  and  heavy.  Nu  injury  from  wilt,  but  eoniewhat  injured 
by  tiie  root  knot.     Produced  a  fair  crop  of  seed  which  did  not  mature. 

'S.  P.  I.  No8.  refer  to  the  Herial  nnmbers  of  the  isection  of  Seeil  and  Plant  intro- 
duction, which  kindly  supplied  much  of  the  seed  uaed  in  this  exjHjriment. 
17975— No.  17—02 2 
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Soy  hfan  (Glycine  hinpida). — Eight  varieties  were  tried  on  ten  plata.  All  proved 
to  be  immune  to  the  wilt  disease,  but  none  of  them  was  adapted  to  the  local  con- 
ditiuns.  The  ftrowth  was  ver}'  small,  the  planta atentging  from  8  to  ]-!  indies  high, 
though  most  of  the  varieties  bore  a  good  crop  of  seed  for  such  Hniall  plants.  Ail 
suffered  much  from  droi^ht  in  midsummer  and  all  were  badly  injured  by  the  root 
nemato<1e.  On  examinallon  of  the  roots  a  moderate  number  of  tiacterial  tubercles 
were  found,  indicating  that  this  plant  is  adapted  to  tubercle-forming  organisms  already 
preuent  in  the  soil.  The  soil  of  the  cxjierimental  field  was  a  rather  light  sand  and 
doubllesa  l)etler  results  would  have  been  obtained  had  it  been  more  fertile,  as  the 
soy  bean  requires  a  nrher  soil  than  the  cowpea.  They  were  at  a  considerable  dis- 
advantage in  this  teat,  on  account  of  the  late  date  of  planting  and  the  ensuing  dry 
weather.  The  soy  bean  has  done  well  in  the  South  when  properly  handled,  and  it 
is  not  unlikely  that  it  may  rank  with  the  velvet  bean  as  a  desirablesubetituteforthe 
cowpea  ou  wilt-infected  land.  The  writer  planted  it  on  Edisto  Island,  S.  C,  in  1900, 
where  it  made  a  heavy  growth,  3  to  4  feet  high,  and  produce<l  a  large  crop  of  seed- 
It  was  free  from  wilt  disease  there  and  showed  great  promise  as  a  forage  crop. 

The  varieties  tested  at  Monetta  were  as  follows: 

Bett  Green,  S.  P.  I.  No.  5766. — A  late  variety.  It  made  a  weak  growth  and  suffered 
much  from  dry  weather  and  root  nematode. 

liirli/  Black,  from  France,  S.  P.  I.  No.  503».— A  small  and  early  variety  that  fiuiled 
well,  but  made  a  poor  growth. 

Yoxhioka,  from  Japan,  S.  P.  I.  No.  6314. — Early,  with  dark  green  and  nearly 
smooth  leaves;  bore  well,  l«it  was  very  small. 

Hokugatm,  from  Japan,  S.  P.  I.  No.  S32S.— Early  and  very  small,  though  bearing 
well.  "  1 

(k  ~  ~  "    "  -         - - 

S! 

Green  Medium,  from  Japan,  S.  P.  I.  Ko.  6335. — A  later  variety  that  made  a  more 
vigorous  growth  and  Hveil  through  the  (<eason,  while  most  of  the  preceding  varieties 
died  in  Ai^ust.     It  was  liadlv  affected  by  the  root  nematode. 

liiikatiro,  from  Japan,  S.  f .  I.  No.  6336. — Medium  early  and  very  prolific,  but 
much  injured  by  drought  and  nematode. 

Ixibtab  Benn  (Dolichm  I^blali),  from  Japan. ^Two  varieties  tested,  the  white 
(S.  P.  I.  No.  6319)  and  the  purple  (S.  P.I.  No.  6320),  These  beans  madea  good  growth 
early  in  the  season.  Vines  long  andtrailingor  climbing  high  on  any  support  near. 
They  l>egan  to  blossom  in  August,  but  did  not  mature  much  seed.  I^ter  in  the 
season  they  were  very  hadly  injured  by  the  nematodes. 

iVhile  Nalnmane  {Caiiaixdia  ensiformit),  from  Japan,  8,  P,  I.  No.  6323.— A  large- 
leaved,  tail  climber,  blooming  early  in  August  and  ripening  its  very  large  pods  about 
November  1.  No  traces  of  will.  There  were  plenty  of  nematode  swellings  on  the 
roots,  but  the  plants  did  not  appear  to  be  greatly  injured  by  them. 

Mai  A'liUimniie  (Canaralia  glad  iota),  from  Japan,  S.  P.  I.  No.  6324. — Similar  to  the 
preceding.  Neither  these  two  nor  the  Lablab  beans  appear  to  have  any  special  value 
as  forage  plants. 

Muronmbeana  ( Phofeolm  mungo-radiatiu) ,  from  Japan. — Two  kinds  were  tested, 
one  red  (S.  P.  I.  No.  6318)  and  one  green  seeded  {S.  P.  I.  No.  6321).  These  beans 
were  very  early,  maturing  in  less  than  two  months  from  planting,  and  very  prolific, 
hut  the  plants  were  very  small,  8  to  12  inches  high,  so  that  they  can  not  be  said  to 
have  any  value  as  a  forage  crop  for  that  locality.  They  evidently  require  a  more 
fertile  soil.  No  traces  of  wilt  were  found.  They  were  badly  affected  by  toe  root 
neinatotle. 

Red  F'idiier  peas  [PiKum  traivum),  from  Japan,  S.  P.  I.  No.  6332.  These  were 
planted'  Atay  29,  at  the  same  time  as  the  other  forage  crops,  and  would  undoubtedly 
have  done  better  if  they  had  lieeii  planted  earlier.  They  made  very  little  growth 
and  suffi'ml  Fnim  the  hot,  dry  weather.     No  evidence  of  infection  by  the  wilt  fungus 
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A  small  quantity  of  the  common  wild  cofiee,  Cattia  obltutfolia,  was  planted  here, 
aa  the  writer  found  a  wilt  disease  affecting  it  on  James  Inland  in  1899.  No  such 
disease  appeared  here.  This  weed  has  frequently  been  observed  in  fields  where  the 
cowpes  disease  was  present,  but  has  always  been  free  from  wilt,  m  that  it  is  quite 
probable  that  the  disease  of  cassia  is  distinct  from  the  cowpea  wilt,  though  the  fungus 
cauHing  it  is  cloeely  related  to  the  cowpea  fuDgus. 

Aslrtigalttf  *t'nen«iit,  Letpedaa  hicoior,  and  Viciafaba  were  also  planted,  but  failed  to 
grow;  BO  no  results  can  be  reported. 

Seventeen  varieties  of  cowpea  were  planted  \a  test  their  resistance  to  wilt. 

"  Tureii  fineula,"  S.  P.  I.  So.  3610,  from  Smyrna. — An  early  cowpea,  which  made 
a  vigorous  growth  iu  the  early  part  of  the  season,  but  was  all  killed  by  wilt  before 
the  end. 

QjiBpea  from  Alashehr,  Asia  Minor.  S.  P.  I.  No.  3627. — An  early  variety  of  medium 
growth  and  quite  prolific;  quite  subject  to  wilt. 

Ctii'pea  from  Smyrna,  S,  P.  I.  So,  3670. — An  early  sort  of  larger  growth  than  the 
preceding  and  notably  more  resistant  to  the  wilt  disease,  though  not  tree  from  it. 

Blacl-  JiiTotuKoiage,  S.  P.  I.  No.  6311,  from  Japan.— A  very  early  cowpea,  and  the 
most  promising  of  the  Japanese  imporlations  tested;  plants  medium  or  small,  very 
prolific;  po<ls  long,  10  to  12  inches,  with  from  15  to  18  black  seeds;  subject  to  wilt 
and  injured  by  dry  weather,  but  nevertheless  maturing  a  fair  crop. 

Kurakake,  S.  P.  I.  No.  6327,  from  Japan. ^Early  and  small,  but  fruiting  fairly 
well;  pea  white,  with  a  black  eye;  badly  injured  by  wilt  and  nematodes. 

Kintohi,  S.  P.  I.  No.  63£8,from  Japan.— Early;  a  small,  prolific  variety,  with  small 
red  seeds;  injured  by  wilt  and  dry  weather. 

Blaek  cowpea,  from  North  Carolina. — This  plant  began  to  show  the  wilt  disease 
before  the  middle  of  July  and  was  badly  injured  by  it,  making  a  very  small  crop  ol 
peas.    It  was  also  much  affected  by  the  nematode. 

lMd\j,  from  South  Carolina. — A  small  white  pea  for  table  use.  It  made  a  good 
growth  and  appeared  healthy  and  vigorous  August  1.  After  this  date  it  began  to 
die  from  wilt  and  the  whole  plat  was  practically  deslroyed,  no  seed  being  obtained 
from  it.    The  nematode  was  also  bad  on  this  variety. 

ilixed,  from  Georgia. — Healthy  till  August,  when  it  died  very  badly.  At  harvest 
time  the  majority  of  the  plants  were  defoliated.  Every  hill  had  some  dead,  while 
in  fully  half  the  hills  all  were  dead.  No  crop  was  nwtured.  The  nematode  was  bad 
on  this  plat. 

Red  Ripper,  from  Georj^ — This  plat  was  badly  injured  by  nematode  and  some- 
what also  by  the  wilt  disease.  It  dropped  its  leaves  badly,  but  ripened  a  small  crop 
of  seed.  It  appears  to  be  partially  resistant  to  the  wilt,  and  selections  from  the 
resistant  plants  will  doubtless  prove  more  successful. 

SaiUhem,  from  North  Carolina. — Earlier  than  the  preceding  varieties.  It  boro 
quite  well  and  proved  to  be  partially  resistant  to  the  wilt,  more  bo,  perhaps,  than  any 
other  sort  except  the  Iron.  It  was  badly  defoliated  late  in  the  season.  Nematode 
swellings  were  found  in  abundance  on  the  roots. 

Speckled,  from  South  Carolina. — Late  and  badly  diseased  with  the  wilt;  very  little 
crop  matnred;  nematodes  on  every  plant. 

Taylor,  from  Virginia, — A  vigorous  grower  early  in  the  season.  Later  on  it 
suffered  badly  from  drought  and  was  badly  injured  by  wilt  and  nematodes,  so  that 
very  little  seed  was  obtained  from  this  plat 

Unknown,  from  Geoipa. — A  medium  early  variety  on  which  the  wilt  disease 
appeared  very  early.  A  lai^ge  part  of  the  plants  were  killed  and  the  crop  ripened 
was  very  light;  nematodes  abundant. 

Wonderful,  from  North  Carolina. — A  vigorous  grower;  late  in  bearing.  The  injury 
from  wilt  was  very  great  Though  a  part  of  the  plants  retained  their  leaves  prac- 
tically no  seed  was  matured;  nematodes  abundant  on  the  roots. 
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Iron,  from  South  Carolina. — There  were  four  plate  of  this  variety  in  different  parts 
of  the  field,  with  other  varieties  in  between,  bo  that  there  was  abundBut  opportunily 
for  c<>inpariw>]ii<.  Iron  was  almost  entirely  free  from  wilt  throughout  the  aeasiin.  It 
made  a  vi^rouH  growth,  and  bore  a  lai^  erop.  while  the  other  varieties  menlioned 
abovegrowing  beiiide  it  were  nearly  a  total  failure.  (PI.  II  and  PI.  Ill,  fip.  2.) 
Careful  examination  of  a  lariite  niuuber  of  plant?,  made  by  the  writer  and  l>y 
Mr.  H.  J.  Webber,  faile<l  to  xhow  any  wilt^  fiini^uH  except  on  o^-caaional  nstten^l 
plants.  It  waH  alHO  e.'pecially  noteworthy  that  thie  cowpea  was  almost  entirely 
free  from  the  root  nematode.  Thia  point  is  treated  in  detail  in  the  aecoml  part  of 
this  bulletin.  During  the  dry  weather  in  July  and  August,  when  other  varieties 
were  dropping  their  leaves  and  bloi«omB,  the  Iron  did  very  well.  Its  powers  of 
drought  rewistauee  were  nearly  af  ecinspifuoiis  as  ita  resistance  to  disease,  an<l  the 
combined  qualities  certainly  mark  it  as  one  of  the  hardie«t  varieties  known. 

The  li-on  t-owpea  ia  a  compact  vigorous  plant,  of  medium  size  {Pi. 
Ill,  tig.  1),  somewhat  ti-aiJing  in  habit,  but  less  so  than  the  Unknown. 
The  foliage  is  dark  green,  with  a  peculiar  bluish  luster  that  distin- 
guishes this  variety  from  others.  It  is  of  the  Clay  type.  The  seeds 
are  small  and  hard.  The  color  is  buff  and  somewhat  variablej  seeds 
of  different  shades  being  found  in  the  same  pod. 

The  plant  begins  to  bloom  in  about  two  months  from  planting  and 
continues  up  to  frost.  The  crop  is  therefore  ripened  through  rather 
a  long  season,  which  is  something  of  a  disadvantage,  though  it  is  par- 
tially compensated  by  the  fact  that  the  pods  do  not  shell  out  in  the 
field  as  freely  as  other  sorts,  and  picking  can  therefore  be  deferred 
till  late.  It  holds  its  leaves  under  adverse  conditions  of  drought  and 
disease  better  than  any  other  kind  tested,  and  is  especially  noteworthy 
for  the  way  it  remains  green  up  to  frost,  very  much  later  than  other 
varieties.  When  cut  for  bay  it  sprouts  freely  from  the  stubble,  and 
makes  more  second  growth  than  is  usual  (P!.  IV,  fig.  1). 

The  Iron  cowpea  has  proved  to  be  the  solution  of  the  wilt  problem 
wherever  it  has  been  cultivated  on  "pea  sick"  lands  in  South  Caro- 
lina, though  more  extended  trials,  now  in  progress  by  the  Department, 
will  be  necessary  to  determine  its  value  for  other  localities.  The 
origin  of  the  variety  is  uncertain.  It  was  found  in  cultivation  in 
Barnwell  County,  S.  C,  by  Mr.  T.  S,  Williams  four  years  ^o,  and 
was  brought  to  the  attention  of  the  Department  by  him. 

Though  it  succeeds  well  on  infected  lands  and  produces  good  crops 
where  others  fail,  it  does  not  produce  as  much  forage  or  seed  as  some 
of  the  other  varieties,  such  as  Unknown,  and  it  will  be  desirable  to 
carry  on  some  plant- breeding  work  to  remedy  these  faults,  which  the 
Department  hopes  to  do  in  the  future.  It  may  also  be  possible,  bv 
selecting  resistant  plants  of  other  varieties,  to  obtain  new  strains 
equally  as  good  as  the  Iron. 
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EXPI^NATION  OF  PLATES. 

PluITE  I.  SpecimenB  of  Life-Preserver  cowpwi,  showing  different  Rtagee  of  the  wilt 
diseaae;  phott^raphed  July,  1901,  Dillon,  S.  C. 
II.  Experimental  field  at  Monetta,  B.  C,  showing  comparative  resistance  of 
the  Iron  cowpea,  on  the  left,  aod  the  Speckled  cowpea  on  the  right; 
photographed  September,  1901,  by  Mr.  H.  J.  Webber. 

III.  Fig.  1.  Plants  of  Iron  cowpea  grown  on  infected  land,  showing  condition 

October  24,  1901,  Monetta,  S.  C.  Fig.  2.  Row  of  select  Iron  cowpea, 
planted  between  Black  and  Taylor  cowpeaa  on  experimental  field  at 
Monetta,  S.  C,  showing  comparative  refliatance  to  the  wilt  diseaoe; 
photographed  September,  1901,  by  Mr.  H.  J.  Webber. 

IV.  ^g.  1.  Iron  cowpeas  growing  between  rows  of  asparagos  in  wilt-iDfect«d 

field  in  Monetta,  S.  C,  showing  second  growth  after  cutting  for  hay; 
photographed  October  24,  1001.  Fig.  2.  Iron  cowpeas  in  peach  orchard, 
showing  how  the  variety  remains  green  until  frost;  photographed 
October  24,  1901. 
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FiQ.  1.— Pi-AMTS  OF  Iron  Cowpea,  Octobeh  2 


Fig  2.— Iron  Cowpe*  v 


.  irfSK^gle 


db,Google 


Fio.  I.— Ibon  Cowpea  in  Asparaqus  Fieuo  infected  with  Cowpea  Wiut. 


N  Cowpea  in  Peacm  Oucmahd  infected  with  Cowpea  Wilt. 
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II.  A  COWPEA  RESISTANT  TO  ROOT-KNOT  'HETERODERA 
RADICICOLA). 

By  Hkrbert.1.  Webber,  Physiologic,  and  W.  A.  Ojitiin,  AmHant  Palhologiit. 

nTTRODITCTIOH. 

Root-knot,  or  root-gall,  as  it  is  ordinarily  termed,  is  one  of  the  most 
common  and  destriictive  plant  diseases  in  the  southern  United  States, 
The  disea^ie  is  caused  by  the  attacks  of  a  nemabxle,  Hfterodera  radlci- 
cola  (Greef,),  Mull.,'  which  enters  the  roaist  and  causes  large  galls. 
It  is  interesting  to  not«  that  the  nematode  producing  the  root-knot  of 
plants  is  closely  related  to  the  trichina  of  pork,  which  has  become  a 
household  word  and  a  univei-sal  terror. 

KKSCRIVTION    OF    THE   DISEASE. 

The  characteristic  external  symptoms  of  the  disease  are  the  swollen, 
Dead-like  tumoi-s  produced  on  the  roots,  {PI.  VI.)  Frequently  the 
galls  on  badly  diseased  plants  become  so  numerous  that  almost  every 
root  may  be  swollen  to  several  times  its  noi'mal  size  throughout  almost 
its  entire  length.  The  organism  attai'ks  roots  of  practically  any  size, 
being  common  on  both  tap  roots  and  smaller  lateral  roots.  The  sur- 
face of  the  gall  is  at  fii-st  smooth,  and  later  ordinarily  becomes  cracked, 
scurfy,  and  more  or  less  decayed.  Thwe  is  a  considerable  variation 
in  the  forms  of  the  galls  on  various  plants,  but  there  is  a  genei'al 
similarity  in  all  cases. 

The  nematodes,  or  nematode  worms,  as  they  are  popularly  called, 
though  not  true  worms,  when  hatched  from  the  eggs  are  embedded  in 
the  tissue  of  the  old  gall.  From  this  they  force  their  way  through 
the  tissue  of  the  gall  into  fresh  parts  of  the  same  i-oot,  where  they 
take  up  their  existence  oi'  force  theii'  way  out  of  the  old  root  into  the 
soil  and  wander  about  until  a  satisfactory  fresh  root  is  found,  into 
which  they  penetrate  and  fonn  a  new  gall.  They  are  so  constituted 
that  they  can  gradually  make  their  way  through  the  celts  of  a  plant 
until  they  reach  a  satisfactory  point  for  tbeii'  development.  Their  , 
irritation  in  the  plant  causes  an  abnormal  enlargement  of  the  tissue  in 
their  proximity,  which  leads  to  the  formation  of  the  large  gall,  which 
harbors  and  furnishes  sustenance  for  the  development  of  the  organ- 
isms.    The  size  of  the  gall  is  largely  determined  by  the  number  of 

'  Ilelerodera  is  referred  to  in  various  publications  under  the  (generic  names  Tyleiichua 
and  Anguillula. 


db,Google 


24  SOME    DISEASES   OF   THE    COWPEA. 

nematodes  present     As  new  nematodes  are  batched  and  take  up  their 
abode  in  fresh  portions  of  the  tissue  the  gall  increases  in  size. 

While  the  galls  produced  by  nematodes  are  quite  different  from  the 
bacterial  root  tubercles  of  leguminous  plants  and  the  root  tumor  of 
the  peach  and  plum,  they  are  nevertheless  quite  similar  to  certain  root 
diseases,  such  a**  the  swellings  characteristic  of  "clubfoot"  of  cabbage 
{PhwmodiopJtm'a  bmsnictf),  and  the  presence  of  the  nematodes  in  the 
tissue  forms  the  only  absolutely  sure  determining  character.  Thin 
sections  through  the  galls  when  examined  under  the  microscope  should 
show  the  eggs,  larvfe,  or  cysts  of  the  nematodes  in  some  stage  of 
development.  The  best  descriptions  of  the  development  and  meta- 
morphosis of  the  root- knot  nematode  {^Heterodera  ra^dcola)  known  to 
the  writers  are  those  by  Professor  Atkinson,'  then  of  the  Alabama 
Experiment  Station,  and  by  Dr.  G.  E.  Stone  and  Ralph  E.  Smith,'  of 
the  Hatch  Experiment  Station  of  Massachusetts.  The  reader  is 
I'eferred  to  these  papers  for  further  details  of  the  development. 
According  to  Professor  Atkinson,  the  length  of  time  required  for  the 
completion  of  the  entire  life  cycle  in  Heterodera  radicicola  is  about 
one  month.  A  knowledge  of  this  fact  is  verj'  important  in  applying 
the  method  of  controlling  the  disease  by  planting  catch-crops. 


In  view  of  the  possibility  of  breeding  resistant  strains  of  some 
plants,  which  will  be  discussed  later,  it  becomes  very  interesting  to 
note  what  plants  are  known  to  be  affected  by  the  nematode  under  con- 
sideration. Unfortunately,  data  upon  this  subject  are  rather  incom- 
plete. The  following,  which  is  one  of  the  most  trustworthy  lists,  is 
that  given  by  Atkinson:  * 

Badly  Qffmtd.  fSishtiy  affeded. 

,Sol&num  tuberosum  (pot&lo).  AmygdaluB  pereica  (peach). 

Lycopersii'Uin  etculentum  ttomato),  Ficus  carica  (fig). 

Abutilon  ap.  Yitie  vinifera  (gnipe,  several  varieties). 

Vigna  catjang  (cowpea),  Solanuni  eeculentum  (Eggplant). 

LotUH  comiculfltup  (bird's  foot  clover).  PhyanlU  Bp.    '  , 

Heliantliiis  annuue  (sunlloiver) .  Goeaypium  herbaceum  (cotton). 

CitruliUH  vulgarix  (nattmielon).  Hibiscus  eeculentus  (okra). 

Cui-'umiH  mi>lo  (nutmeg  melon,  citron).  Sida  epinoea. 

BratHiica  oleracea  (cabbage).  Modiola  multiflda. 

'  Atkinson,  Geo.  F.  Neir>atode  Root-Galls.  A  Preliminary  Report  on  the  Life 
History  and  tbe  Metamorphode  of  a  Koot-Gall  Nematode,  Heterodera  mdirvxla 
(Greef.)  Mill).,  and  the  Injuries  produced  by  it  upon  the  Roots  of  Various  Plants. 
Eept.  Agr.  Exp.  Station,  Auburn,  Aia.    Bui.  No.  3,  New.  Ser.,  Dec.,  1889. 

'  Stone,  G.  E.,  and  Smith,  Ralph  F  Nematode  Worma.  Hatch  Eicp.  Sta.,  Mass. 
Agr.  Col.,  Bui.  55,  Nov.,  1898. 

'.Ukin'jon,  1.  c.,  p.  19. 
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Badly  affected— Continued.  StighUy  afTecIeit—Continued. 

Brateica  cwnpestris  rutabaga  (nitahaga)       Caaaia  obtueifolia  (coffee  weed) . 

Pastinaca  eativa  (parsDip).  FhaHeolua. 

Tragopt^on  porritoliua  (Baisify).  Lespedeza  Htriata  (Japan  clover), 

MelilotuB  alba  (sweet  clover), 

Ipoma«  lamni folia. 

IpomcEa  lacunosa. 

Clematie. 

Phytolacca  decandia. 

Beta  vulgariH  (beet), 

AmaraDtus  retroflexus  (careless  weed). 

Chenopodium    anthelminticum     (worm- 
eced). 

Z«a  mays  (corn). 

Breaeica  rapa  (turnip). 

Marrabium  vulfare  (horehound). 

Lactuca  sativa  (lettuce). 

The  above  list  was  based  on  observations  made  simply  at  Aubarn, 
Ala.,  and, according  to  Professor  Atkinson,  the  presence  of  the  nema- 
tode was  determined  microscopically  in  each  case. 

Dr.  J.  C.  Neal'  in  his  li^t  of  plants  affected  by  this  nematode  in 
Florida  enumerates  6i  species,  many  of  which  are  not  given  bj- 
Atkinson,  but  the  above  list  will  serve  to  show  what  widely  different 
plants  and  families  of  plants  are  affected. 

The  same  species  of  nematode  affects  many  greenhouse  plants  in  the 
North  and  frequently  causes  serious  damage.  The  plants  on  which  the 
most  serious  loss  is  produced  under  such  conditions  are  the  violet,  rose, 
cyclamen,  cucumber,  and  tomato. 

EXTENT   OF  THE    DISEASE. 

The  disease  is  evidently  very  common  throughout  the  Gulf  States 
and  South  Carolina,  and  may  possibly  extend  farther  north^yard. 
However,  it  will  probably  never  become  a  serious  malady  nofth  of 
this  general  region,  except  in  greenhouses,  as  the  nematode  is  killed 
by  severe  cold.  Dr.  Neal  thought  the  northernextension  tobenot  far 
from  the  January  isotherm  of  50°,  as  shown  in  No.  2  Isothermal  Lines 
of  the  United  States  Signal  Sei-vice,  1881.  It  certainly  occurs  much  far- 
ther north  than  this,  but  data  regarding  its  exact  extent  are  verj- 
incomplete.  The  isotherm  of  45^  passes  near  Auburn,  Ala. ,  where  Pro- 
fessor Atkinson's  work  was  done;  andMonetta,  S.  C,  where  the  writers' 
observations  were  made,  is  probably  north  of  this  isotherm.  In  green- 
houses in  various  parts  of  the  North  considerable  damage  is  caused  by 
the  .same  nematode,  and  its  control  under  such  conditions  has  been  made 
the  subject  of  an  exhaustive  study  by  the  Experiment  Station  of  the 

'Neal,  J.  C. — The  Rool-knot  Diseaae  of  the  Peach,  Oracge,  acd  Other  Plants  in 
Florida.    U.  8.  Dept.  of  Agr.,  Div.  of  Entomology,  Bui.  No.  20,  Waahington,  1889. 
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Massachusetts  Agricultural  College.'  The  same  sijecics  of  nematode 
is  known  to  occur  in  many  parts  of  the  world,  and  it  would  seem  to  be 
world-wide  in  its  diatribution.  The  writers  have  observed  the  disease 
in  many  different  places  in  Florida,  Georgia,  Alabama,  and  South 
Carolina,  and  know  it  to  be  of  common  occurrence  in  those  States. 
On  the  fowpea  (Vigna  catjang)  in  South  Carolina  it  is  very  common 
and  certainly  causes  considerable  dam^e  in  lessening  the  quantity  of 
fodder  and  peas  produced. 

Its  greatest  damage  in  the  case  of  the  cowpea,  however,  is  probably 
due  to  its  secondary  action  in  spreading  the  nematode  to  other  plants. 
It  is  not  uncommon  to  hear  peach  growers  of  the  South  condemn  the 
practice  of  growing  the  cowpea  in  peach  and  plum  orchards  because 
of  the  probability  of  its  spreading  root-knot.  In  Florida,  where  the 
beggar  weed  (Desmodium  molle),  which  is  said  to  be  free  from  root- 
knot,  is  largely  used  in  orchards  as  a  cover  crop  and  as  green  manure 
instead  of  the  cowpea,  the  loss  is  said  not  to  be  so  great.  In  more 
northern  localities,  however,  where  the  he^gur  weed  will  not  succeed, 
we  as  yet  have  no  leguminous  plant  similar  to  the  cowpea  which  could 
be  recommended  to  take  its  place  in  orchards. 

Nematodes  frequently  occur  in  connection  with  the  wilt  disease, 
and  there  is  much  greater  injury  done  in  such  cases  than  would  result 
f  ram  either  one  alone,  but  the  two  diseases  are  not  necessarily  con- 
nected nor  dependent  on  each  other.  This  is  proved  by  the  lai^e  number 
of  cases  observed  by  the  writers  where  the  wilt  disease  has  been  very 
destructive  to  cotton,  cowpeas,  watermelons,  and  other  plants  on  land 
free  from  the  nematode. 

Of  the  two  diseases  of  the  cowpea,  the  root-knot  is  at  present  rela- 
tively more  important  on  account  of  its  wider  distribution,  and  the 
fact  that  it  attacks  a  large  number  of  other  crops,  while  the  wilt  dis- 
ease so  far  as  known  is  not  communicable  to  other  plants.  If  cowpeas 
or  some  other  crop  equally  susceptible  to  the  nematode  be  planted  on 
infected  land,  they  become  badly  diseased,  and  the  number  of  nematodes 
in  the  soil  is  greatly  increased,  to  the  great  deti'iment  of  succeeding 
crops. 

Many  farmers  have  expressed  to  the  writers  their  belief  that  the 
cultivation  of  cowpeas  increased  the  amount  of  wilt  disease  in  succeed- 
ing cotton  crops,  but  an  examination  of  such  fields  have  shown  that  the 
injurious  effect  of  the  cowpea  crop  was  due  to  its  action  in  fostering 
the  root  nematode.  For  this  reason  the  resistance  of  the  Iron  cowjies 
described  below,  to  the  nematode,  gives  it  special  value  for  cotton 
planters. 

In  South  Carolina  the  opinion  is  prevalent  among  planters  that  when 
<-owpeas  are  grown  continuously  on  the  same  soil  for  several  years  in 


■Stone,  G.  E.,  and  Smith.  Ralph  E.. 
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succession  that  some  fields,  or  patches  in  certain  fields,  become  "pea- 
sick,"  aa  it  is  expressed;  that  is,  so  affected  that  they  will  not  produce 
a  crop  of  cowpeas,  though  some  other  crop  may  mature  perfectly. 
Such  conditions  are  interpreted  ordinarily  as  being  due  to  the  exhaus- 
tion of  some  nutrient  element  in  the  soil  necessary  for  the  gi-owth  of 
cowpeas  that  may  not  be  necessary  for  other  crops.  The  writers  have 
examined  many  cases  of  this  kind  in  South  Carolina  and  Alabama  and 
have  inyariably  found  that  the  trouble  was  due  either  to  attacks  of 
wilt  disease  or  root-knot  or  to  the  combined  action  of  both  of  these 
maladies. 

METHODS  OF  TREATING    ROOT-K»iOT. 

The  methods  of  treating  root- knot  which  have  thus  far  been  employed 
are  far  from  satisfactory.  The  following  short  review  of  these  methods 
is  introduced  here  mainly  to  call  attention  to  the  difficulty  in  prevent- 
ing the  disease  by  the  application  of  treatments.  A  fuller  discussion 
of  the  various  methods  can  be  found  in  the  bulletins  of  Atkinson  and 
Stone  and  Smith  above  referred  to.  Three  methods  in  general  have 
been  suggested,  namely:  (1)  Soil  sterilization;  (i)  the  action  of  toxic 
chemicals;  and  (3)  the  preparation  of  the  plants  to  better  withstand 
injury. 

Soil  sterili2ation. — ^Treatment  by  soil  sterilization  would  include 
both  the  freeing  of  the  land  from  the  nematodes  when  once  infested 
and  the  hygienic  and  other  measures  that  maj'  be  employed  to  keep 
soils  free  from  them.  When  fields  have  been  badly  infested  the  nema- 
todes can  probably  best  be  killed  out  by  growing  on  the  land  crops 
known  to  be  unaffected  until  the  nematodes  have  been  killed  by  starva- 
tion. A  proper  rotation  would  also  tend  to  keep  the  disease  in  check. 
The  most  practicable  plan  would  be  to  keep  the  land  in  corn,  oats, 
wheat,  or  grass  for  at  least  two  yeara,  using  the  greatest  care  to  keep 
out  all  weeds,  as  so  many  plants  are  affected  by  root-knot  that  the 
disease  is  liable  to  be  carried  over  and  spread  through  their  agency. 
The  difficulty  of  sterilizing  soil  by  starvation  is  readily  seen  when  it  ia 
realized  that  during  the  entire  time  absolutelj'  all  weeds  and  plants 
subject  to  the  disease  must  be  prevented  from  growing.  While  this 
method  of  treatment  is  of  great  importance,  the  difficulty  of  its  appli- 
cation renders  it  far  from  satisfactory. 

In  keeping  the  soil  free  from  the  nematodes  it  is  important  to 
remember  that  the  larvre  and  eggs  are  very  minute  and  are  easily  car- 
ried from  infested  fields  and  spread  to  uninfested  localities.  They 
maybe  carried  in  the  soil  clinging  to  the  feet  of  man  or  animals  or  to 
tools,  or  they  may  be  blown  about  in  the  dust  by  the  wind  and  washed 
here  and  there  during  heavy  rain  storms.  Their  distribution  by  the 
wind  is  hardly  within  control,  but  considerable  can  be  done  to  prevent 
their  spread  by  animals  and  by  water  in  drainage.     In  preventing  the 
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spread  of  nematodes  to  perennials  such  as  fruit  trees  the  use  of  arti- 
ficial, subterranean  barriers  which  prevent  the  nematodes  from  pass- 
ing freely  through  the  soil  to  the  tree  has  also  been  au^ested,  and 
while  not  altogether  effective  may  be  of  some  service.  Such  a  barrier 
can  be  built  around  the  tree,  consisting  of  staves,  scraps  of  galvanized 
sheet  iron,  or  pieces  of  bark,  placed  close  together.  Burning  brush  or 
trash  on  the  soil  in  sufficient  quantity  so  that  it  is  heated  down  for  a 
foot  or  so  has  the  effect  of  killing  the  nematodes,  and  places  for  plant- 
ing  susceptible  trees  can  be  sterilized  in  this  way  and  reinfection 
partly  prevented  by  artificial  barriers.  In  greenhouses  also  heat  is 
very  effectively  employed  to  sterilize  the  soil.  In  field  operations 
frequent  plowings  in  winter  and  in  extreme  dry  spells  have  also  been 
suggested  as  of  benefit  in  destroying  many  of  the  larvee  in  the  soil  by 
bringing  them  to  the  surface  where  they  will  be  killed  by  freezing  or 
by  the  action  of  the  sun. 

A  unique  method  used  to  some  extent  by  sugar-beet  growers  to 
reduce  the  numbers  of  the  sugar-beet  nematode  {Heterodera  ichacJuii) 
is  that  devised  by  Professor  KOhn  of  trapping  the  larva)  by  the  use 
of  catch  plants.  Strubell  had  shown  that  in  this  nematode  about  five 
or  six  weeks  were  required  for  the  larvae  to  reach  maturity  after 
entering  the  plant,  and  Kuhn  proposed  to  plant  such  crops  as  are 
selected  moat  readily  by  the  nematodes  and  at  the  end  of  a  mooth. 
before  eggs  are  produced,  to  pull  them  up  and  destroy  them.  At  this 
time  the  oldest  nematode'^  in  the  roots  would  not  have  produced  eggs 
and  the  majority  of  them  would  have  developed  into  motionless  sacs, 
incapable  of  boring  their  way  out,  and  would  thus  perish  when  the 
plants  were  removed  from  the  soil.  The  crop  of  the  catoh  plant  can 
be  used  for  forage  or  other  puiposes  and  thus  partially  pay  for  the 
expense  of  the  treatment.  Kuhn's  experiments  have  been  character- 
ized as  a  brilliant  success,  and  some  such  method  could  doubtless  be 
devised  for  the  treatment  of  root-knot  in  this  country,  but  so  far  as 
the  writers  are  informed  no  careful  experiments  of  this  kind  have  so 
far  been  carried  out  with  Ileterodera  Todicicola  where,  according  to 
Atkinson,  the  life  cycle  is  much  shorter,  being  about  one  month. 
Cobb,'  in  describing  the  occurrence  of  Heterudera  radicicola  in  Aus- 
tralia recently,  has  suggested  that  mangels  sown  thickly  and  cowpeas 
would  be  promising  to  try  as  catch  plants  for  this  nematode. 

Activn  of  toxic  chemicals. — The  c'ontrol  of  root-knot  by  the  use  of 
toxic  chemicals  is  limited  natui-ally  to  attempts  to  kill  the  U.rv£e  in  the 
soil,  as  it  would  seem  to  be  impossible  to  kill  them  after  they  enter  the 
plants  without  at  the  same  time  killing  the  plants.  Neal  and  Stone 
and  Smith  in  this  country  have  made  numerous  experiments  with 

'Cobb,  N.  A.— Root-Gall.    The  Agricultural  Ga»ette  ol  New  South  Wale«,  XH, 

p.  1046  (Sept.  1901). 
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various  chemicals,  but  without  obtaining  satisfactory  results  in  any 
case. 

Very  many  experiments  have  also  been  made  with  the  nematode  of 
the  sugar  beet  (Rubenmiidigkeit),  but  the  results  thus  far  are  mainly 
oegative.  No  satisfactory  chemical  remedy  has  been  discovered. 
Carbon  bisulphide  has  proved  to  be  effective  in  destroying  the  nema- 
todes, but  the  expense  of  this  treatment  precludes  itB  use  on  a  large 
scale.  The  use  of  lime  in  large  quantities  has  also  been  highly  recom- 
mended, one  or  two  tons  per  acre  being  used  during  the  year  in  two 
or  three  applications. 

Tfie  preparatwn  of  planta  to  imthstandinpiry. — It  has  been  learned 
by  observation  and  experiment  that  certain  chemicals  tend  to  increase 
or  diminish  the  disease  owing  to  their  effect  on  the  plant.  Highly 
nitrogenous  manures  which  tend  to  cause  a  rapid  growth  of  succulent, 
tender  tissue,  are  said  to  increase  the  injury  caused  by  i-oot-knot,  while 
heavy  fertilization  with  sulphate  or  muriate  of  pota^sh,  which  tend  to 
produce  a  well-hardened,  comparatively  slow  growth,  is  said  to  greatly 
lessen  the  injury. 

THE  TTSB  OF  RESISIAITT  VAJOETIES  AND  SIOOES. 

The  lirst  discussion  which  the  writers  have  thus  far  found  in  litera- 
ture of  the  possibility  of  controlling  nematode  diseases  by  the  use  of 
resistant  varieties  and  stocks  is  that  by  Doctor  Neal, '  who  says : 
"After  all,  I  believe  the  use  of  trees  that  are  not  susceptible  to  the 
root-knot  for  stocks  on  which  to  graft  or  bud  the  susceptible  vari- 
eties is  the  proper  solution  of  the  root-knot  problem."  Neal  recom- 
mends the  hardy  bitter-sweet  or  sour  orange  as  a  species  nearly  proof 
against  attacks  of  root-knot,  and  further  states  that  Oitrm  trifoliata 
and  the  Satsuma  or  Onshiu  orange  seem  to  be  resistant.  In  his  list 
of  plants  affected  by  root-knot  Neal  includes  the  orange  as  one  of  the 
plants  slightly  affected.  During  a  prolonged  investigation  of  the  dis- 
eases of  the  orange  in  Florida  one  of  the  writers  dug  up  and  carefully 
examined  the  roots  of  orange  trees  in  all  parts  of  the  State,  but  was 
unable  to  find  any  trace  of  injury  by  nematodes.  While  negative 
evidence  is  always  of  doubtful  value  he  is  convinced  that  root-knot  of 
the  orange  in  Florida  is  at  least  of  very  rare  occurrence.  The  resist- 
ance or  nonresistance  of  any  oi-ange  varieties  or  species  under  such 
conditions  could  hardly  be  conclusively  determined. 

According  to  Dr.  Neal's  statements,  among  grapes  the  cordifolla 
and  mdpina  races  are  largely  free,  while  the  vinifera  and  mstivalis 
groups  are  subject  to  the  disease.  He  also  states  that  the  Wild  Goose 
and  Marianna  plum  stocks  are  largely  immune.  The  evidence  on 
which  Neat's  claims  are  based  is  not  sufficiently  given  to  enable  one  to 
'Neal,  1.  c,  p  22. 
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jad^e  of  their  value.  If  he  is  con-ect,  their  value  has  not  been 
thoroughly  appreciated.  Some  features  of  his  investigations  have 
been  quci^tioDed,  and  thin  may  have  led  to  his  valuable  suf^g^stioti 
regarding  the  use  of  resistant  strains  being  ioiproperly  appreci&ted. 

Zimmerman  has  also  pointed  out  that  the  nematode  attackinj;  the 
coffee  plant  in  Java  only  exceptionally  affects  Liberian  coffee  {^Oofftm 
h'berica),  but  is  very  serious  on  Arabian  coffee  {C.  araiica).'  In  an 
experiment  in  which  healthy  tree.s  of  both  species  were  grown  for 
over  five  months  in  the  same  pots  with  badly  diseased  plants,  95  per 
cent  of  the  healthy  trees  of  C.  ambica  became  infected,  while  only  59 
per  cent  of  those  of  C.  libericn  showed  the  disease.  The  Ai-abian 
coffee  sells  in  the  market  at  a  higher  price  than  Liberian  coffee,  and 
Zimmerman  recommends  controlling  the  disease  by  grafting  Arabian 
coffee  upon  the  more  resistant  Liberian  stock.  This  he  says  can  be 
satisfactorily  accomplished  with  the  loss  of  only  a  few  plants.  The 
same  method  of  controlling  the  coffee  nematode  has  also  been  recom- 
mended more  recently  by  Bonquet  de  la  Grye,* 

The  only  other  suggestion  regarding  the  use  of  immune  strains  in 
the  treatment  of  nematode  diseases  that  has  come  under  the  notice  of 
the  writers  is  that  made  last  year  by  Wilfarth,'  who  conducted  some- 
what extensive  experiments  to  demonstrate  the  possibility  of  breeding 
strains  of  the  sugar  beet  resistant  to  nematodes.  He  states  that  in  badly 
infected  fields  where  the  beets  are  abundantly  infested  there  are  always 
some  individuals  which  show  very  few  or  almost  no  nematodes.  In 
one  of  Wilfarth's  experiments  a  large  box  was  filled  with  soil  which 
was  thoroughly  infested  artificially  with  nematodes.  In  this  box  205 
beets  were  grown.  Testa  made  from  time  to  time  showed  the  nema- 
todes to  be  very  abundant.  The  plants  were  examined  at  three  differ- 
ent times  to  determine  whether  there  was  any  difference  in  the  time  of 
infection.  In  general  the  plants  were  abundantly  infected,  about  18 
per  cent  were  Imdly  infected  and  28  per  cent  but  slightly  infected. 
Among  those  slightly  infected  were  many  with  only  a  few  nematodes. 
The  percentages  of  badly  and  slightly  infected  plants  at  each  harvest- 
ing period  were  about  the  same.  From  the  results  of  the  experiment 
it  was  inferred  that  the  nematodes  do  not  enter  all  beets  indiscrimi- 
nately, but  find  certain  differences  which  render  some  beets  more  agree- 
able than  others. 

'Zimmerman,  A.  Het  Groeppgewijs  aftiterven  der  Koffle  hecetere  in  gcelote" 
ptantsoenen.  Teysmannia,  1897,  23  pp.;  also  De  Nematoden  der  KofflewortelB. 
I.  Mededeelingen  uit's  I^nda  PUntentuin.  1898.  No.  27,  64  pp.  (German 
review  in  Centralbl.  f.  Bakt   Paraeitenk.  u.  Infek.  2  Abt  5,  415). 

'Bouquet  de  la  Grye.  La  GSn^ ration  deu  PlanUtionBdeCaf^i^resdanslea  Antill» 
Bull,  de  Stances  d,  1.  Soc.  Nationale  d'Ap-.  d.  France.     1399,    68.1-687. 

'  Wilfcrth,  Prof.  Dr.  H.  Ein  neuer  (iivichtepiinkt  zur  Kekjmpfuiig  der  Sematoden. 
Zeitechr.  d.  Ver.  d.  Deut.  Zui-ker-Indui^trif .     Lieferunu,  529,  pp.  195-204.     Feb.,  1900. 
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In  another  experiment  100  good,  normal  beets,  wholly  free  from 
nematodes,  were  selected  from  &  field  free  from  nematodes  and  stored 
during  the  winter.  In  the  spring  each  of  these  was  cut  into  from  ten 
to  sixteen  pieces  of  equal  size,  which  were  divided  Into  two  equal  lots, 
the  pieces  from  each  beet  being  kept  sepai-ate  undei'  the  same  number. 
These  were  then  planted  in  a  field  badly  infested  with  the  nematodes, 
the  two  lots  from  the  same  beet  being  planted  in  different  places. 
When  the  plants  grown  from  these  pieces  were  harvested  and  the 
abundance  of  nematodes  observed  they  were  found  to  follow  a  defi- 
nite rule  of  abundance  or  susceptibility  in  all  of  the  plants  grown 
from  cuttings  of  the  same  mother  beet.  For  instance,  tbe  four  pieces 
of  beet  No.  16,  which  stood  in  one  row,  all  had  very  few  nematodes, 
while  the  other  beets  on  either  side  in  the  same  row  and  in  adjoining 
rows  were  uniformly  badly  infected.  The  four  pieces  of  the  same 
mother  beet  planted  with  tbe  second  lot  under  the  same  number  were 
also  but  slightly  infected.  It  can  thus  be  safely  concluded  that  this 
was  a  case  of  genuine  resistance  to  the  nematode,  A  number  of  the 
beets  showed  about  the  same  degree  of  resistance,  while  others  were 
resistant  in  a  much  less  degree.  The  investigation  indicates  that  cer- 
tain beetH  possess  a  specific  attraction  or  repulsion  for  the  nematodes, 
and  the  latter  can  be  explained,  says  Wilfarth,  only  by  assuming  that 
a  certain  protective  apparatus  or  device  exists  in  the  beet  which  keeps 
the  nematodes  out.  The  injurious  influence  of  the  nematode  shows  in 
the  reduced  size,  malformation,  and  diminished  sugar  content.  If, 
therefore,  we  select  from  a  badly  infested  field  those  beets  for  mothers 
which  do  not  have  these  characters  and  are  well-formed  and  rich  in 
sugar  content,  we  will  secure  the  resistant  beet  that  we  seek.  Wilfarth 
advocates  selecting  resistant  mother  beets  on  badly  infested  soils  and 
growing  seed  from  these  on  similarly  badly  infested  soils,  and  again 
selecting  those  beets  least  affected  among  the  progeny  to  use  as 
mothers.  By  continuing  such  selections  he  believes  that  thoroughly 
resistant  strains  can  be  bred. 

A  KBSISTANT  OOWPEA. 
The  above  review  of  the  methods  of  controlling  nematode  diseases 
is  given  to  show  the  present  understanding  of  the  malady.  No  method 
of  treatment  has  yet  been  devised  that  can  in  any  way  be  considered 
satisfactory,  and  the  breeding  or  discovery  of  resistant  strains  remains 
as  yet  largely  as  a  suggestion.  It  is  thus  highly  important  that  further 
information  be  obtained,  particularly  in  regard'  to  the  resistance  of 
strains  of  plants  subject  to  the  disease  and  the  possibility  of  producing 
such  strains  by  breeding.  Under  these  conditions  it  is  highly  gratify- 
ing to  be  able  to  announce  the  discovery  of  a  variety  of  cowpea  which 
under  existing  conditions  seems  to  be  almost  absolutely  immune  to  the 
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Ita  resistance  was  brought  out  by  the  experiments  with  cowpeas  and 
other  leguminous  crops  described  in  the  hrst  part  of  this  bulletin. 
These  varieties  were  planted  on  the  farm  of  Mr.  T.  S.  Williams, 
Monetta,  S.  C,  on  land  infected  with  the  wilt  fungus,  in  order  to 
determine  their  resistance  to  that  malady.  This  land  proved  to  be 
thoroughly  infested  with  the  root  nematode,  though  that  wa8  not  known 
when  the  Held  was  selected.  In  making  the  examination  of  the  cowpea 
roots  for  the  wilt  fungus  it  was  obnerved  that  the  great  abundance  of 
nematode  galls  on  the  roots  of  many  varieties  more  or  less  compli<-ated 
the  matter,  as  it  was  difficult  to  determine  what  proportion  of  the 
injury  observable  was  to  be  ascribed  to  the  wilt  and  what  to  root  knot. 
Some  care  was  therefore  exercised  in  each  case  to  determine  the  abimd- 
ance  of  the  nematodes  on  each  variety  grown.  The  field  on  which  the 
plants  were  grown  was  a  level  area,  slightly  lower  than  most  of  the 
surrounding  land,  but  apparently  thoroughly  drained.  The  different 
varieties  and  species  were  planted  in  rows  about  200  feet  long  and 
fi-om  one  to  four  rows  of  a  variety  in  a  place.  Of  sevei'al  of  the 
varieties  two  plats  were  grown  in  the  same  tield,  but  separated  some 
little  distance  from  each  other.  All  the  species  and  varieties  of  legu- 
minous plants  grown,  except  one,  that  were  in  proper  condition  when 
the  observations  were  made  were  found  to  be  affected  with  root-knot, 
and  on  the  majority  of  varieties  the  disease  was  very  bad.  One  variety 
of  cowpea,  the  so-called  "Iron,"  was  so  strikingly  free  from  infection 
as  to  attract  immediate  attention.  Two  plats  of  this  variety  were 
grown,  one  of  four  rows  and  another  of  eleven  rows,  so  that  abundant 
opportunity  was  furnished  for  observation.  Numerous  plants  were 
dug  up  here  and  there  in  each  plat  and  only  one  individual  plant  was 
found  which  showed  any  trace  of  root-knot.  The  plat  of  four  rows 
was  in  the  center  of  the  held,  and  on  one  side  adjoined  the  plat  of  the 
"Unknown"  cowpea  and  on  the  other  side  the  "Speckled"  cowpea. 
Both  of  these  varieties  were  very  badly  affected  with  the  root-knot, 
practically  every  plant  being  badly  diseased,  so  that  there  can  be  no 
doubt  that  the  Iron,  growing  only  a  few  feet  away,  had  every  oppor- 
tunity to  become  infected  bad  it  not  been  resistant  to  the  nematode. 
Itis  interesting  to  note  that  tbesame  variety  is  very  resistant  to  wilt  alaa 
In  a  careful  search  through  the  same  plat  not  a  plant  was  found  that 
exhibited  the  characteristic  symptons  of  wilt,  though  this  disease  was 
also  abundant  in  the  two  varieties  growing  on  either  side.  The 
immunity  of  the  Iron  cowpea  to  wilt  has  been  discussed  in  detail  by 
one  of  the  writers '  in  the  preceding  article  of  this  bulletin. 

The  combined  effect  of  root-knot  and  wilt  on  the  cowpeas  was  very 
serious.  The  two  plats  of  the  Unknown  and  Speckled  cowpeas  on 
either  aide  of  the  Iron  were  almost  entirely  destroyed.     When  exam- 

'Orton,  W.  A.  The  Wilt  Diaeaae  of  Cowpea  and  Ite  Control.  U.  S.  Dept  Agr., 
Bureau  Plant  Industry,    Bui.  Ho.  17,  Article  I,  pp.  — . 
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ined  a  lai^  number  of  the  plants  were  dead,  showing  by  the  symptoms 
that  they  had  succumbed  to  the  combined  effect  of  the  two  diseases. 
Many  of  the  plants  had  dropped  all  their  leaves  but  were  stiil  green, 
while  8ome  bad  a  comparatively  few  leaves  still  attached  and  green. 
AK  of  the  plants  were  small  and  stunted,  and  in  the  c&ie  of  the 
Unknown  had  been  so  badly  injured  that  no  fruit  was  produced.  The 
other  variety,  the  Speckled,  had  produced  a  small  crop  of  peas  but 
was  comparatively  a  failure.  The  difference  in  appearance  between 
these  two  plats  and  the  plats  of  the  Iron  cowpea  was  most  striking. 
The  Iron  had  made  a  tine  growth,  was  wholly  free  from  disease,  and 
was  fruiting  abundantly,  being  both  in  flower  and  fruit  at  the  time 
examined.  In  the  other  plat  of  the  Iron  cowpea  all  of  the  plants  exam- 
ined were  found  to  be  equally  resistant  to  those  in  the  plat  just 
described.  The  second  plat  was  an  exterior  one  at  one  side  of  the  field, 
and  thus  had  plats  only  on  one  side  with  which  it  could  be  compared. 
The  plat  next  to  it  on  this  side  was  of  Yainari  {Pfuijfeolits  nmnyo-radi- 
atvs)f  an  imported  Japanese  plant,  which  on  careful  examination  was 
found  to  be  very  badly  infested  with  nematodes,  almost  every  plant 
showing  their  effects.  It  seemed  to  be  free  from  attacks  of  the  wilt 
fungus,  however,  as  no  plants  showing  this  disease  could  be  found  in 
the  plat. 

Only  a  short  distance  from  the  experimental  plats  a  comparatively 
large  field  of  the  Iron  cowpea  was  growing,  which  was  examined  and 
a  number  of  plants  pulled  up  without  finding  any  tnice  of  nematode 
infection.  In  another  near-by  field  of  an  ordinary  variety  the  root-knot 
was  found  in  considerable  abundance. 

The  Ii-on  cowpea  is  quite  distinct  in  character  from  any  other  variety 
known  to  the  writers.  One  peculiarity  is  its  habit  of  continuous  bloom- 
ing—it  may  have  flowers  and  ripe  fruit  on  the  same  plant.  As  a  result 
of  this  it  continues  to  ripen  its  seed  over  a  considerable  period  and 
retains  its  foliage  meanwhile.  This  is  a  decided  disadvantage  if  the 
peas  are  grown  for  their  fruit,  but  if  the  crop  is  grown  for  forage  the 
attendant  character  of  retaining  their  leaves  green  until  frost  allows 
the  grower  greater  latitude  in  harvesting,  and  this  may  be  a  decided 
advantage.  While  some  other  varieties  of  cowpeus  posses'*  some 
qualities  superior  to  the  Iron,  the  latter  is  surely  a  good  variety  for 
general  purposes  and  is  especially  valuable  on  account  of  its  disease- 
resistant  qualities.  The  variety  and  its  history  have  been  more  thor- 
oughly described  by  one  of  the  writers'  in  the  first  article  of  this 
bulletin. 

The  varieties  of  cowpeas  grown  on  which  observations  were  made 
were  the  Wonderful,  Southern,  Black,  Whip-poor-will,  Lady.  Rod 
Ripper,  Taylor,  Unknown,  Speckled,  Kurakake  (an   imported  Jap- 

'Orton,  W.  A.,  1.  c 
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anese  variety),  Section  of  Seed  and  Fl&tit  Introduction  No.  6327,  and 
Iron.  In  all  these  varieties  except  Iron  it  was  ditficult  to  find  a  single 
plant  showing  what  could  be  considered  normal  roots  and  bacterial 
tubeix-les,  {PI.  VI,)  The  roots  of  the  Iron  were  uniformly  fine  and 
Blender,  showing  no  indication  of  i-oot  galls  produced  by  nematodes, 
but  abundant  nitrogen  tubercles  here  and  there,  many  of  them 
remaining  attached  to  the  plants  when  dug  up,  though  many  were 
doubtless  pulled  off  in  removing  the  plants  from  the  soil.     (PI.  V.) 

The  Iron  cowpea,  because  of  its  resistance  to  wilt  and  root-knot 
and  hardiness  in  other  respects,  is  certainly  one  of  the  must  valuable 
varieties  of  cowpeas  known,  and,  with  our  present  knowledge,  is  to  be 
highly  recommended  for  cultivation  on  all  soils  that  are  Known  to 
be  infested  with  one  or  the  other  of  these  diseases.  On  soil^  free 
from  these  diseases  some  other  variety  may  give  better  results, 
though  the  Iron  is  a  good  hay  variety.  In  peach  and  plum  orchards 
and  places  where  it  is  feared  the  cowpea  would  induce  the  wpi-cad  of 
root-knot  the  Iron  variety  can  be  grown  without  danger.  It  can  be 
reconunended  without  reserve  as  the  safest  variety  of  cowpea  known 
for  growing  in  such  cases. 

It  is  hardly  to  be  expected  that  the  Iron  will  prove  absolutely 
immune^o  attacks  of  nematodes  under  all  conditions.  It  is  well  known 
that  when  the  larvre  can  find  no  suitable  or  agreeable  food  they  will 
enter  plants  ordinarily  free  from  their  attacks.  The  cause  for  the 
resistance  of  the  Iron  cowpea  is  under  investigation  and  will  form  the 
subject  of  a  later  report.  It  is  impossible,  with  our  present  knowledge, 
to  state  whether  or  not  the  larvte  would  bo  able  to  live  and  mature  if 
they  forced  their  way  into  the  roots.  It  is  certainly  marvelous  that 
closely  related  varieties  of  cowpeas  should  show  such  striking  differ- 
ence in  their  susceptibility  to  root-knot,  when  such  a  large  number  of 
species  of  plants  belonging  to  widely  different  families  are  known  to 
be  attacked  with  apparently  equal  readiness  by  the  nematode. 

It  is  a  matter  of  doubt  whether  the  Iron  will  retain  the  same  degree 
of  immunity  for  an  indefinite  period.  Changes  in  climate,  soil,  and 
nianurial  conditions  may  induce  changes  which  would  impair  its  degree 
of  immunity.  Professor  Atkinson'  mentions  a  case  of  variation  in 
Aiintrantits  spbvmin  which  is  interesting  in  this'  connection.  This 
plant  he  finds  to  be  free  from  nematode  injury  at  Auburn,  Ala.,  even 
in  the  immediate  neighborhood  of  other  badly  diseased  plants,  while 
Dr.  Neal  reports  the  same  species  in  Florida  as  the  "most  dreaded 
and  destructive  agent  in  the  spread  of  root-knot."  Soi-auer'  also 
refers  to  an  interesting  case  of  barley,  which  ordinarily  is  considered 
immune  to  attacks  of  the  sugar-beet  nematode  {Heterodera  schachtiij- 
For  throe  successive  years  a  piece  of  badly  infested  land  was  sown 
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with  barley,  and  for  the  first  two  years  no  noticeable  injury  was 
produced.  The  third  year,  however,  the  crop  was  destroyed  a  short 
time  before  harvest  by  attacks  of  nematodes. 

Should  the  Iron  cowpea  lose  its  power  of  resistance  when  cultivated 
under  different  conditions,  or  after  an  ext«nded  period  of  cultivation 
on  infested  soil,  it  could  probably  be  brought  bacit  to  its  full 
degree  of  immunity  by  a  few  generations  of  seed  selection  from  the 
most  resistant  plants.  Such  selection  could  be  easily  made  by  pulling 
up,  at  the  time  of  harvest,  a  large  number  of  the  plants  grown  on 
infested  soil  and  taking  seed  from  those  found  to  be  the  leajst  affected 
by  the  disease. 

A  number  of  leguminous  plants  were  grown  in  the  same  experi- 
mental field  as  the  cowpeas,  on  nematode  and  wilt  infested  soil,  and 
the  following  are  observations  in  regard  to  the  abundance  of  nematode 
galls  found  on  the  roots  of  these: 
Glycijie  hixpida  {Soy  bean). 

Best  Green,  8.  P.  I.'    No.  5766,  badly  afiecled. 

Eftriy  Black,  8.  P.  I.  No.  5039,  badly  affecled. 

Green  IMedium,  S.  P.  I.  No.  6335,  badly  affec-ted. 

Bakaziro,  S.  P.  I.  No.  6336,  badly  affected. 
Dolickos  lablab. 

Purple  Dolichos.  S.  P.  I.  No.  6320,  badly  affected. 

White  Dolichos,  8.  P.  I.  No.  6319,  badly  affected. 
PhoMolw  niungo-Todialui. 

Murotan  bean,  S.  P.  I.  No.  6318,  badly  affected. 

Yainari  bean,  S.  P.  I.  No.  63SI,  badly  affected, 
Micana  ulUh  (Velvet  bean). 

Seed  from  two  sources,  S.  P.  I.  Noe.  4333  and  5066,  coneiderably  affected. 
Canavalia  engi/ormU. 

White  Natamane,  S.  P.  I.  No.  6323,  badly  affected. 

For  a  more  detailed  statement  in  regard  to  the  characters  and  suc- 
cess of  the  above  plants  the  reader  is  referred  to  Part  I  of  this  bul- 
letin. 

THE  BBEESnra  OF  NXMATOSE-BKSISTANT  PLANTS. 

The  cases  of  nematode-resistant  plants  and  varieties  known  show 
clearly  that  certain  plants  possess  qualities  which  render  them  unsuit- 
able to  the  nematodes  without  at  the  same  time  materially  impairing 
their  value  for  cultivation.  It  would  thus  seem  that  nature  has  put 
into  our  hands  the  means  of  controlling  this  serious  malady.  In  pull- 
ing up  numerous  plants  of  various  cowpea  varieties  in  making  the 
examination  above  described  a  considerable  i-ariation  in  the  degree  of 
infection  of  different  plants  of  the  same  variety  was  easily  observable. 
Some  plants  were  very  badly  diseased  and  othei's  but  alightlj-  diseased. 

'8.  P.  I.  numbers  referred  to  are  those  given  by  the  Section  of  Seed  and  Plant 
Introduction  of  this  Department. 
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Whether  this  variation  was  due  to  accident  or  to  inherent  differences 
in  the  plants  could  not  be  determined,  but  it  seems  probable  that  a 
selection  of  seed  from  such  slightly  diseased  plants  continued  through 
several  generations,  the  planb*  being  grown  continuously  on  infested 
liUJd,  would  ultimately  lead  to  the  production  of  an  immune  strain. 
The  possibility  of  breeding  nematode- resistant  sugar  beets  has  already 
been  pointed  out  by  Wilfailh,  as  indicated  above.  Mr.  P.  H.  Dorsett 
informs  the  writer  that  in  violet  houses  where  the  soil  has  become 
infested  with  root  nematodes,  he  has  observed  a  great  difference  in  the 
susceptibility  of  different  plants.  If  this  is  the  case,  we  doubtless 
have  here  also  the  possibility  of  breeding  resistant  varieties. 

The  experience  of  the  Department  of  Agriculture  in  breeding  varie- 
ties of  cotton  resistant  to  wilt,  and  that  of  the  French  vineyardista  in 
breeding  grapes  immune  to  PhyUoxei'a,  black  rot,  chlorosis,  etc, 
shows  how  rapidly  results  of  this  nature  can  be  obtained  when  intelli- 
gence is  used  in  combining  and  selecting  the  best  individuals.  It  may 
be  possible  to  breed  varieties  of  peaches,  potatoes,  tomatoes,  cotton, 
etc.,  that  will  be  resistant  to  root-knot,  and  we  have  here  an  interest- 
ing, extensive,  and  important  field  for  experimentation. 
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EXPLANATION  OF  PLATES. 

Plate  V.  Boots  of  Iron  Cowpea  reeistant  to  Root-knot.  T  .e  ordiiiftiy  nitrofren 
tubercIcB  are  shown  here  and  there,  but  theee  are  very  different  in  form 
from  nematode  galls. 
VI.  Roots  of  Wonderful  Cowpea,  attacked  by  Root-knot  Theee  were  taken 
from  the  same  I3eld  ae  the  roots  of  the  Iron  Cowpea,  illustrated  in 
Plate  V. 
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Roots  of  Iron  Cowpea.    Resistant  to  Root  Knot. 
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BtTLLETINS  OF  THE  BTmEAU  OF  FLAKT  TSW^TRY. 

The  Bureau  of  Plant  Industry,  which  was  OTganizeii  July  ],  1901,  incliidea  Y^e- 
table  Pathol(vical  and  PhyBioli>gi<al  Investigatioui',  Botaniral  lovf^tigations  and 
ExperirueutH,  Graiw  and  Forage  Plant  InveHti^tion^,  Poniological  liiveatifjations, 
and  Gardens  and  Groiinds,  all  of  which  were  furnierly  Eei>arate  divisions,  and  also 
Seed  iind  Plant  IiitnwiTKrtioii,  The  Arlington  Experimental  Farm,  Tea  Investi^tiona 
and  ExperimentK,  and  the  fiongresaional  Seed  Distrihation.  Beginning  with  the 
date  oF  the  organization  of  the  Bureau,  the  indei>endent  series  of  bulletius  of  the 
XHvifliun  of  Vegetable  Physiology  and  Patholi^y,  the  last  number  of  which  mas  29, 
and  alHO  of  each  of  the  other  division?,  were  discontinued  and  all  are  now  published' 
.as  i>ne  series  of  the  Bureau. 

The  bulletins  so  far  issued  in  this  serlei^  are: 

So.  1.  The  Relation  of  Lime  and  Mi^nesia  to  Plant  Orowtli.  1901. 
L'.  Spemialogeiiesia  and  Fetundation  of  Zamia,  1901. 

3.  Macaroni  Wheats,  191)1. 

4.  Range  Improvement  in  Arizona,  1901. 

5.  Inventory  No.  9,  Seeils  and  Plants  Imported  through  tlie  Section  of  Seed 

and  Plant  Introduction,  4351-5500,  1902.      ■ 

6.  A  List  of  American  Varieties  of  Pepperp,  1902. 

7.  The  .A.lgerian  Durum  Wheats:  A  Classilied  List,  with  Descriptions,  1902. 

'  8.   k  Collection  of  Economic  and  Other  Fungi  Prepared  for  Distribution,  1902. 

9.  North  American  Species  of  fipartina,  1902. 

10.  Records  of  Seed  Distribution  and  Coo))ejati\'e  Experiments,  1902. 

11.  JohnsoD  Grass:  Reportsof  Investigations  Madeduring  theSeoson of  I90I, 

1902. 

12.  Stock  Ranges  of  Northwestern  California;  Notes  on  the  Grasses  and  Por- 

at^e  Plants  and  Forage  Conditions,  1902. 

13.  Experiments  in  Range  Improvement  in  Centml  Texas,  1902. 

14.  The  Decay  ol  Timtwr  and  Methods  of  Preventing  It,  1902. 
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PREFACE. 


The  work  described  in  this  paper  was  started  during  the  winter  of 
1898-99,  continuing  as  other  work  permitted  to  the  latter  part  of 
December,  1900,  when  it  was  brought  together  in  its  present  form  and 
presented  December  27, 1900,  at  the  Baltimore  meeting  of  the  Society 
for  Plant  Morphology  and  Physiology.  Since  that  time  the  writer 
baa  been  unable  on  account  of  other  work  to  continue  the  investiga- 
tion. It  is  believed,  however,  that  the  true  nature  of  the  mosaic 
disease  of  tobacco  and  of  similar  diseases  of  ot&er  plants  has  been 
found  and  that  it  will  be  possible  in  large  measure  to  guard  against 
them.  Further  investigation  of  some  of  the  points  left  unsettled  is 
at  present  in  progress.  The  writer  hopes  that  these  may  soon  be  set- 
tled with  the  help  of  Dr.  R.  E,  B.  McKenney,  who  has  been  assigned 
to  the  work. 

Albekt  F.  Woods, 
Paifiotogiat  and  Pkyaiologist. 
Office  of  the  Patholooist  and  Phtsioloqist, 

January  ^3,  190S. 


dbyGoogIc 


db,Google 


CONTENTS. 


Introduction  and  hietorical  s 

Translocation  of  starch 

Artificial  production  o(  the  disease 

Infectious  nature  of  the  disease..^. 

Zymogen  for  oxidase  aad  peroxidase.. 
Preventive  meoaures 


dbyGoogIc 


ILLUSTRATIONS. 


Plate  I,  Mosaic  diseaie  of  tobacco 

II.  Mosaic  disease  of  poheweed  and  of  tomato  produced  by  cntting 
back  tlie  plante 

III.  DiatorUon  of  tooacco  foliage  by  mosaic  disease,  caused  by  catting 

back ■, 

IV.  DiHtorfcd  leaves  from  pknt  sliown  in  Plate  III 

V.  Mosaic  disease  of  tomato  produced  by  cutting  back 

VI.  Tomato  leaves,  healthy  and  diseased 


db,Google 


OBSERVATIONS  ON  THE  MOSAIC  DISEASE  OF 
TOBACCO. 


nrTBODUonoH  and  histobical  eujasAxr. 

This  very  singular  disease  of  the  tobacco  leaf  coDsists,  in  genei-al 
appearance,  in  a  more  or  less  shai-ply  defined  differentiation  into  light 
and  dark  green  areas,  making  the  leaves  have  a  more  or  less  mosaic 
appearance.  In  the  less  pronounced  cases  the  variation  in  the  color 
is  slight,  but  sufficiently  marked  to  be  at  once  apparent.  In  such 
cases  there  is  very  little  distortion  of  the  leaves.  The  light-green 
areas  are,  as  a  rule,  between  the  larger  vascular  bundles.  {Pis.  I  and 
VI.)  The  darker  green  portions  form  more  or  less  of  a  border  along 
the  larger  bundles.  Occasionally,  however,  the  dark  and  light  green 
patches  are  not  distributed  with  special  reference'  to  the  vascular 
bundles,  but  occur  indiscriminately.  Where  the  lonti-ast  is  more 
marked  the  light-colored,  or  sometimes  even  3'ellowish,  areas  grow 
slowly,  while  the  dark-green  areas  grow  more  lapidly,  and  thus  the 
leaf  becomes  badly  distorted.  (Pis.  Ill  and  IV.)  In  some  eases  the 
whole  plant  becomes,  so  deformed  as  to  be  almost  unrecognizable- 
Even  where  the  leaves  are  only  slightly  disea.sed  and  not  deformed 
they  are  less  elastic  than  the  healthy  leaves,  and  are  not  so  suitable  for 
wrappers  for  cigars,  and  have  a  poorer  burn  and  arema.  The  diseased 
plants  do  not  grow  as  vigorously  as  healthy  ones,  but  they  usually 
produce  flowers  and  fruit,  and  the  seed,  even  from  badly  diseased 
plants,  may  produce  healthy  plants.  There  is  no  conclusive  evidence 
that  the'  plants  from  seeds  of  diseased  plants  are  more  subject  to  the 
disease  than  are  those  from  the  seeds  of  healthy  plants. 

The  disease  occurs  more  or  less  throughout  the  tobacco  areas  of  this 
country  and  is  widespread  in  Eurojie  wherever  tobpcco  is  grown.  As 
usual  there  are  numerous  theories  in  regard  to  iuS  cause,  many  of 
which  it  will  not  be  necessary  to  discuss  here.  Adolph  Mayer'  was 
the  first  to  make  a  careful  study  of  the  trouble.  He  demonstrated  that 
it  could  not  be  caused  by  an  insufficient  supply  of  mineral  nutrients. 
He  found  as  much  nitrogen,  potassium  salts,  phosphates,  calcium,  and 
magnesium  present  in  the  soils  and  plants  where  the  disease  occurred 

■Landw.  Ver^nclisptaiion,  18S0,  Vol.  XXXII. 
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as  ia  the  soils  where  the  disease  did  not  occur.  He  also  found  that 
the  trouble  was  distributed  over  a  field  apparently  without  regurd  to 
soil  conditions. 

Since  tobacco  requires  much  lime,  liming  of  the  soil  was  tried,  but 
the  disease  was  not  prevented  thereby.  Mayer  further  kept  hotbeds 
in  some  cases  rather  moist,  in  others  dry,  and  then  again  richly  or 
poorly  manured  with  nitrogen;  but  in  none  of  these  cases  could  he 
determine  that  the  conditions  in  question  caused  the  disease.  He  also 
found  that  variations  in  the  temperature  of  the  hotbeds  appai*ently  had 
no  effect;  neither  did  crowding,  which  produced  partial  etiolation, 
appear  to  have  anj'  effect  on  the  disease.  Seeds  from  flowers  in  which 
self-fertilization  was  prevented  he  found  to  be  just  as  susceptible  to 
the  disease  as  seeds  produced  without  such  precautions,  but  on  soil  on 
which  the  disease  had  once  appeared  it  was  again  produced.  Accord- 
ing to  his  observations,  also,  the  trouble  was  not  often  found  on  soil 
used  for  the  tii-st  time  for  tobacco.  He  further  proved  that  the  juice 
of  the  diseased  leaves  injected  into  the  growing  parts  of  healthy 
tobacco  produced  the  disease  in  the  inoculated  plants,  while  control 
plants  injected  with  the  juice  of  healthy  plants  did  not  develop  the 
disease.  He  was  also  not  able  to  produce  it  by  injecting diseasedjuice 
into  other  solanaceous  plants.  Where  the  diseased  juice  was  injected 
into  tobacco  the  same  trouble  developed  in  from  ten  to  elc\en  days. 
Heating  to  60*^  C.  did  not  destroy  the  infectious  substance;  at  65'^  C 
to  75^  C.  it  was  attenuated,  and  at  80°  0.  it  was  killed. 

After  Mayer  had  shown  the  absence  of  animal  and  fungous  parasites 
he  supposed  bacteria  to  be  the  cause  of  the  disease,  but  all  his  efforts 
with  bacteria  cultivated  from  the  surface  of  diseased  leaves,  and  also 
with  different  mixtures  of  bacteria,  failed  to  pi-oduce  it.  Neverthe- 
less he  thought  that  there  must  be  certain  pathogenic  bacteria  in  those 
soils  in  which  the  disease  appeared,  and  therefore  proposed  to  change 
the  soil  in  hotbeds  and  to  devote  the  fields  where  tobacco  had  been 
cultivated  and  the  di.*ease  had  appeared  to  other  crops.  He  also 
recommended  the  use  of  mineral  i-ather  than  organic  manures. 

These  genei'al  results  were  confirmed  by  several  subsequent  inves- 
tigators. Not,  however,  until  Beijerinck  '  took  hold  of  the  question 
was  much  of  importance  added  to  our  knowledge  of  the  malady.  He 
proved  the  absence  of  bacteria  in  the  development  of  the  disease. 
He  showed  that  the  juice  of  diseased  plants  filtered  through  Chamber- 
land  filter's,  while  remaining  perfectly  clear  and  free  from  bacteria, 
still  retained  the  power  of  infection.  A  small  drop  of  it  injected 
hypodermically  into  a  growing  bud  was  sufficient  to  give  the  plant  the 
disease.  He  found  that  only  dividing  (meristematic)  cells  can  become 
diseased.     Diseased  tissue  kept  its  infectious  qualities  even  after  dry- 

'Verhandelingen  der  Koninklijke  Akademie  \-ftn  WetenBchappen  te  Amsterdam, 
1898. 
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ing,  and  retained  its  injurious  properties  in  the  soil  during  the  winter. 
Weak  solutions  of  formalin  did  not  kill  the  virus,  but  heating  to  the 
boiling  point  did.  Fresh,  uufiltered  juice  was  moi'e  effective  than  an 
equal  amount  of  filtered  juice.  He  found  that  soil  around  diseiLsed 
plants  may  infect  the  roots  of  healthy  plants,  but  he  did  not  determine 
whether  direct  transference  is  possible  through  healthy  root  su.-faces, 
or  whether  insects,  by  injuring  the  i-oots,  favored  infection.  He 
defines  the  milder  form  of  the  disease  as  a  suffering  of  the  chlorophyll 
bodies.  Later  on  a  general  disease  of  the  entire  plasmatic  contents  of 
the  cells  sets  in. 

In  field  conditions  as  a  final  stage  the  swollen  green  areas  bei.'ame 
marked  with  small  dead  spot-*,  but  these  did  not  appear  in  plants 
grown  under  glass.  Under  certain  conditions  he  observed  that  plants 
apparently  recovered  from  the  disease;  that  is,  the  new  growth  ap- 
peared to  recover.  He  found  that  the  infective  material,  whatever  it 
might  be,  could  be  tmnsported  through  considerable  distances  in  the 
plant,  but  could  cause  the  disease  only  in  dividing  cells.  He  assumed 
the  virus  to  be  a  noncoi'puscular.  fluid-like  material,  which  had  the 
power  of  growth  when  in  contact,  in  a  sort  of  symbiotic  way,  with 
growing  cells — '*a  living  fluid  contagium,'' 

Shortly  after  Beijerinck's  paper,  Sturgis  published  a  critical  review 
of  all  the  work  done  on  the  disease  up  to  that  time,  with  numerous 
valuable  observations  made  in  Connecticut,  where  the  trouble  is  known 
as  ■'  calico,"  or  "  mottled  top."  He  presents  the  following  summary 
of  his  observations  and  conclusions:' 

1.  The  peculiar  appeanineee  known  as  "calico"  and  "mottle<l  top"  of  tobacco 
Are  probably  syinptoina  of  one  and  the  Banie  iliseaae.  The  fomier  may  occur  very 
early  in  the  life  of  the  plant,  even  in  the  seed  bed,  and  usually  attacks  first  the  older 
leaves.     The  latter  occurs  later,  ia  lees  pronounced,  and  affects  only  the  topmost 

2.  The  diiieafie  occurs  abundantly  in  some  localities,  notably  on  the  close,  clayey 
soils  on  the  ea^  side  of  the  Connecticut  River;  f^parii^ly  in  other  localities,  where 
the  soil  is  open  and  porous. 

3.  The  disease  is  not  contagious.  As  to  its  infect ionsness,  no  ilirect  statement  can 
as  yet  be  made. 

4.  It  is  not  caused  by  predaceoue  insects,  nematodes,  or  parasitic  fungi. 

5.  Bacteria  have  not  been  seen  associated  with  the  disease,  but  no  critical  method 
for  their  isolation  or  culture  has  lieen  applied,  and  therefore  the  question  of  their 
influence  can  not  at  present  be  answered.  The  facts  obeerved,  liowever,  are  not 
favorable  to  the  theorj-  of  bacterial  infection. 

6.  The  disease  is  not  inherent  in  the  seed.  Seed  from  badly  culicoe<l  plants  may 
produ(«  perfectly  sound  plants,  and  vice  versa. 

T.  It  seems  probable  that  the  disease  is  purely  a  phj'siological  one.  caused  pri- 
marily by  sudden  changes  or  atmospheric  conditions  which  disturb  the  normal 
balance  between  evaporation  of  water  from  the  leaves  and  its  absorption  by  the 
roots,  and  secondarily  by  soil  conditions  which  prevent  the  speedy  restoraljon  of 
that  lialan<-e.     This  supposition  is  supported  by  numerous  facte. 

■Conn.  Expt.  Sta.  Reijurt  for  1898,  pp.  252,  2-53. 
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Eoning,  as  a  result  of  bis  mvesti(;;atioiis  of  the  trouble,  very  largely 
coofirmed  the  work  of  Beijeriock  aud  others.'  My  own  study  of  the 
disease,  briefly  described  in  Centi'&lblatt  fQr  Bacteriologie,  Parasiten- 
kunde,  u.  Infektionskrankheiten,  Abt.  2,  Band  V,  1899,  also  agreed 
in  the  main  with  what  I  have  already  outlined  as  observed  by  other 
investigators.  I  pointed  out  in  addition  that  the  mosaic  diseatte  of 
tobacco  was  always  accompanied  by  an  excessive  quantity  oran  exces- 
sive activity  in  the  diseased  cetlu  of  an  enzym  belonging  to  the 
oxidases,  agreeing  in  this  and  some  other  important  particulars  with 
the  changes  known  as  variegation  and  albinism  in  various  other  plants), 
and  often  developing  into  this  malady  in  tobacco.  Id  all  of  these 
cases  careful  comparative  investigation  showed  that  the  power  of  oxi- 
dation in  the  cells  is  inversely  proportionalto  the  amount  of  chlorophyll 
present,  judging  by  color.  Somewhat  later  I  pointed  out"  an  impor- 
tant structural  difference  between  the  cells  of  the  green  areas  and 
those  of  the  light.  In  the  latter,  in  the  less  pronounced  cases  of  the 
disease,  there  is  a  shortening  and  broadening  of  the  palisade  parenchyma 
cells,  and  in  the  more  pronounced  cases  there  is  an  entire  suppression 
of  these  cells,  so  that  on  simply  looking  across  the  surface  of  the  leaf 
depressions  are  seen  where  the  light  areas  occur  and  apparent  blister- 
like  development  in  the  green  areas  (PI.  I).  As  a  rule  the  niodilied 
cells  piL-ts  abruptly  into  the  nonnal  cells  of  the  green  areas.  The 
palisade  cells  of  healthy  leaves  and  of  the  healthy  ai'eas  of  diseased 
leaves  are  f  i-oni  three  to  four  times  as  long  as  broad.  Some  plants  are 
dark  green,  and  these  have  the  longest  and  narrowest  palisade  cells, 
closely  packed  with  dark -green  chloroplasts,  which  seldom  contain  large 
starch  grains.  Other  plants  are  much  lighter  in  color.  These  have  rel- 
atively broader  palisade  cells,  approaching  more  in  size  and  .shape  the 
spongy  parenchyma  cells  of  the  same  leaf.  In  both  the  light  and  the 
diirk  leaves  the  spongy  parenchyma  cells  are  about  i sod ia metric,  the 
diameter  being  about  twice  the  length  of  the  contiguous  palisade  cells 
in  the  mature  leaf.  In  Ixtth  the  dark  and  the  light  leaves  the  number 
of  chloroplasts  is  somewhat  greater  in  the  palisade  cells  than  in  the 
spongy  ceils,  but  their  shape,  size,  and  intensity  of  color  are  appantntly 
the  same  in  the  same  leaf.  The  wider  palisade  cells  of  the  light  type 
of  leaves  permitthe  light  to  pass  through  them  more  readily,  the  spaces 
between  the  chloi-oplasts  being  larger  and  the  intercellular  spaces  fewei-. 

In  comparing  light  and  dark  leaves  there  was  also  found  a  slight 
difference  in  the  intensity  of  the  color  of  the  chloroplasts.  Less  green 
can  be  extracted  from  a  given  area  of  light  leaf  than  from  the  same 
area  of  dark  leaf,  and  this  difference  is  also  apparent  in  microscopic 
examination   of  the  chloroplasts.     The  light-colored  leaves  show  a 
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greater  tendency  to  store  starch  than  do  the  darker  ones,  and  they  are 
slightly  richer  in  oxidizing  enzyms.  In  these  particulars,  therefore, 
they  suggest  a  variation  toward  a  condition  found  in  moderately  dis- 
eased cells.  I  have  not  observed,  however,  any  greater  tendency  in 
these  light-colored  plants  to  develop  the  true  mosaic  appearance  either 
naturally  or  under  artificial  manipulation.  That  the  disease  is  not 
primarily  of  the  chloroplasts,  as  Beijerinck  thought,  la  evident  from 
the  fact  that  in  the  less  pronounced  cases  the  chloroplasts,  though 
fewer  in  number,  are  not  decreased  in  size  or  activity.  However,  the 
starch  which  they  make  is,  as  I  pointed  oat  in  the  paper  cited,  not 
readily  converted  into  sugar,  and  hence  is  translocated  with  great  diffi- 
culty. In  some  pronounced  cases  the  chloroplasts  are  light-colored,  or 
are  wholly  without  color.  This  condition,  however,  appears  to  he  a 
result  rather  than  the  primary  cause  of  the  diseased  condition  of  the 
cells. 

The  conditions  which  cause  the  diseajse  are  certainly  only  eflfectivc 
when  acting  on  meristematic  or  dividing  cells.  It  can  not  be  induced 
artificially,  and  never  appears  naturally,  in  cells  which  have  stopped 
dividing.  A  diseased  spot,  therefore,  never  increases  in  size  in  a  leaf 
except  as  the  diseased  cells  themselves  enlarge.  The  mosaic  nature  of 
the  trouble  and  the  fact  that  under  some  conditions  the  plants  uiay 
grow  out  of  the  di.sea.se  suggests  that  it  must  arise  in  such  cases  in  the 
nieristematic  tissues  behind  the  growing  point,  or,  where  the  plant  is 
not  mosaic,  but  evenly  diseased,  the  pathological  condition  must  be 
present  throughout  the  cells  of  the  growing  point. 

TBANSLOOAnON  OF  STARCH. 

Examination'^  of  the  diseased  spots  early  in  the  morning  shows  only 
a  small  decrease  in  the  starch  content  of  the  cells  from  that  present 
in  them  the  previous  afternoon,  while  the  green,  healthy  tissues  con- 
tain no  starch,  or  only  traces  of  it.  It  was  thought  that  possibly  the 
increase  of  oxidizing  enzyms  might  either  inhibit  the  production  of 
diastase  of  the  cells  or  inhibit  the  action  of  diastase  upon  startrh.  In 
order  to  settle  this  point  strong  solutions  of  the  oxidizing  enzyms  of 
tobacco  were  prejjared  from  diseased  plants  growing  in  the  greenhouse 
in  December,  and  after  heating  some  of  tlie  solution  to  the  boiling 
point,  thus  killing  these  enzyms,  comparisons  of  the  heated  and 
unheated  juice  were  made  by  adding  10  milligrams  of  taka  diastase  in 
solution  to  each  of  the  tubes  of  juice  to  be  tested.  Equal  quantities 
of  freshly  prepared  potato-starch  paste  were  then  added  to  each  tul>e 
and  the  tubes  kept  at  45°  C.     It  was  found  that  in  a  solution  without 

'The  niOEt  favorable  niethcNl  ot  eKaminiDg  the  leaf  for  starch  ia  to  kill  it  in  hot 
water,  decolorize  with  alcohol,  and  immeree  in  iodine-potasBiucn  iodide  solution. 
Very  good  reanlta  are  obtained  by  immersing  one  minute  in  boiling  water,  tranafemng 
to  cold  water,  then  to  the  iodine  solution,  and  examining  by  transmitted  light 
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oxidizing  enzyms  the  starch  was  completely  converted  into  sugar  is 
thifty  minutes,  while  the  solutions  in  which  these  enzyms  were  active 
carried  the  change  of  the  starch  only  to  the  erythro-dextrin  stage  in 
the  same  time.  The  action  of  the  diastase  of  malt  added  in  solution 
in  the  same  quantitj'  was  somewhat  less  rapid  than  that  of  taka  dias- 
tase, but  the  relative  effects  were  the  same,  i.  e.,  the  presence  of  the 
oxidizing  enzyms  in  solution  had  a  marked  inhibitory  action  on  the 
activity  of  the  diastase. 

In  these  tests  the  amount  of  diastase  compared  with  oxidase  was 
much  greater  than  occurs  in  the  diseased  cells,  so  it  is  likely  that 
the.  inhibitory  action  of  the  oxidase  in  the  cells  is  much  greater  than 
that  shown  in  the  tests  outside  the  cells.  It  would  seem  a  warrantable 
conclusion,  theiefoie,  that  in  plants  grown  under  glass  in  winter  the 
tardiness  in  the  ti-anslocation  of  starch  in  the  diseased  areas  is  to  be 
explained  by  the  abnonnal  activitj-  of  the  oxidizing  enzyms  of  these 
cells,  and  that  the  mode  of  this  action  is  by  retarding  or  weakening  the 
activity  of  the  diastase.  This  action  of  the  oxidizing  enzyms  upon 
the  diastase  therefore  retards  the  production  of  sugar  and,  conse- 
quently, of  proteids  and  reserve  nitrogen  in  genei'al.  It  is  probably 
on  account  of  this  that  the  cells  of  the  diseased  areas  are  relatively 
very  poor  in  reserve  nitrogen.*  The  slower  growth  of  the  diseased 
areas  is  most  probably  the  result  of  this  decrease  in  the  availability  of 
reserve  organic  materials — sugar  and  proteids.  Whether  this  holds 
for  the  summer-growing  periods  is  still  to  be  determined.  The  inhib- 
iting action  is  probably  much  less  marked  during  warm  weather. 

ARTIFICIAL  PRODTTOTION  OF  THS  DISEASE. 

I  have  already  pointed  out  that  the  mosaic  disease  may  be  easilypro- 
duced  by  removing  the  top  of  a  rapidly  growing  plant  in  any  stage  of 
growth.  A  few  buds  at  the  base  of  the  stock  must  of  course  be  left, 
and  it  is  best  also  to  leave  a  few  leaves.  The  shoots  that  develop  after 
cutting  are,  in  practically  every  case,  badly  diseased.  Durmg  the  past 
year  I  have  produced  the  disease  in  this  way  in  plants  only  i  inches 
high  in  the  seed  bed,  and  also  by  cutting  back  fruiting  plants  3  to  1 
feet  high.  Over  200  plants  of  various  ages  were  cut  back,  end  the 
new  growth  came  diseased  in  every  case.  I  have  also  experimented 
in  the  same  way  with  tomatoes,  potatoes,  petunias,  English  violets, 
pokeweed  (Phytolacca),  and  other  plants,  and  find  that  the  same  dis- 
ease can  be  produced  in  them  by  removing  their  tops  and  forcing 
sprouts  to  grow  from  the  stems.  Sometimes  one  cutting  back  is  suf- 
ficient to  produce  a  well-marked  case  of  the  disease,  but  usually  in  the 
tomato  and  potato  two  removals  of  the  top  are  necessary.     Plates  II, 

•Loew.  Physiological  Studies  of  Connecticut  Leaf  Tobacco.  Report  65,  U.  S. 
Dept.  ot  Agr.,  pp.  11-25. 
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V,  and  VI  show  the  disease  produced  in  tomato  and  Phytolacca  in 
this  way.  In  these  plants,  as  in  tobacco,  the  diseased  cells  aregreatly 
retarded  in  growth.  They  are  rich  in  oxidizing  enzyms,  poor  in  pro- 
teids  (soluble  nitrogen),  and  have  a  tendency  to  store  their  starch  rather 
than  to  convert  it  into  sugar  and  translocate  it.  The  most  impoi-tant 
thing  that  at  once  suggests  itself  in  connection  with  the  cutting  back  is 
the  removal  by  this  process  of  the  large  amount  of  reserve  material 
that  furnishes  the  food  for  roots  and  new  growth. 

When  the  top  is  cut  off  the  small  amount  of  the  available  reserve 
food  left  in  the  remaining  parts  would  be  expected  to  migrate  in  the 
direction  of  the  demand  of  the  roots.  A  new  shoot  which  starts  has 
to  furnish  not  only  its  own  organic  food,  but  is  drawn  upon  by  the 
roots.  It,  of  course,  has  an  abundant  supply  of  water  and  soil  nutri- 
ents, but  it  is  lacking  in  sufficient  organic  food — sugar  and  proteids — 
to  meet  the  demands  of  the  rapidly  developing  cells.  The  young 
dividing  cells  can  not  make  direct  use  of  the  ordinary  soil  nitrates. 
Kitrate  of  potash,  for  example,  may  accumulate  in  a  plant  under 
various  conditions,  such  as  insufficient  light,  lack  of  the  proper 
development  of  the  chloroplasts,  as  in  variegated  plants,  etc.  Over- 
feeding with  nitrates  often  causes  a  yellowing  of  the  chloroplasts, 
probably  by  the  accumulation  of  unused  nitrates  in  the  cells.  A  simi- 
lar condition  of  food  distribution  may  also  develop  in  the  formation 
of  sprouts  where  they  occur  on  a  rapidly  growing  plant.  In  such 
cases  they  ai'e  an  a  rule  badly  diseased.  When  mosaic  sprouts  once 
develop  on  a  plant  all  the  new  growth  afterwards  is  likely  to  be  mosaic, 
though  of  course  the  leaves  alreadj'  formed  are  not  affected  and  the 
plant  may  not  be  commercially  injured,  as  the  sprouts  and  top  will  he 
cut  away.  Sometimes  a  perfectly  healthy  plant  produces  a  few  mosaic 
leaves  at  the  top  just  as  the  flower  stems  begin  to  develop.  This  sug- 
gests the  possibility  that  the  developing  flower  stems  get  most  of  the 
organic  food  during  the  iirst  stages  at  least  of  the  development  of 
these  leaves.  Removal  of  the  flower  buds,  even  if  done  at  the  first 
appeai-ance  of  the  disease,  does  not  cure  the  trouble,  though  the  leaves 
will  make  a  much  more  vigorous  growth  than  they  otherwise  would. 
In  such  cases,  after  the  removal  of  the  flowering  buds,  there  is  a  ten- 
dency to  produce  flowering  suckers.  These  always  come  diseased.  It 
is  verj'  evident,  in  such  cases  as  1  have  iu8tde3cril)ed,  that  the  trouble 
can  not  be  diw  to parmites  and  must  be  attributed  to  a  disturbance  of 
th*'  normal  phygMogieal  acti/oity  of  the  cells  in  question.  That  this 
disturbance  is  primarily  one  of  nutrition  is  indicated  by  facts  already 
pointed  out  and  others  to  be  presented  in  the  following  pages. 

Prof.  U.  Suzuki,  Imperial  University  of  Japan,'  has  made  a  very 
careful  study  of  the   so-called   mulberry  dwarf  troubles  in   that 

'  Bulletin  of  the  Coll%«  of  Agriculture,  Imperial  Univereity,  Tokyo,  IV'.,  No.  3, 
July,  1900. 
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country.  As  it  is  evident  that  the  trouble  is  related  to  the  one  under 
diacuHsioD  here,'  I  quote  in  the  fottowing  paragraph  from  hia  report  . 
on  the  subject.  It  is  the  custom  in  Japan  to  cut  back  the  mulberry 
trees  each  year  to  stimulate  a  new  growth  of  branches  and  tender 
leaves  for  the  silkwonn.  There  are  three  priacipal  methods  of  cut- 
ting: Low  cutting  close  to  the  ground;  mediiun  cutting,  leaving 
stumps  about  a  foot  high;  and  high  cutting,  leaving  atiema  about  6  feet 
high.  The  cutting  is  done  about  the  third  year  of  the  life  of  the 
plant,  and  usually  in  June,  at  the  time  of  the  fullest  de\-«loptuect  of 
tlie  leaves. 

By  August  or  September  the  new  shoote  reach  a  height  of  5  or  6  feet,  and  these 
ore  again  ciit  down  in  May  of  the  next  year.  Thb  treatment  secnree  a  large 
crop  and  leaaenB  the  injury  from  insects  and  (ungi.  *  ■•  »  The  first  sign  of  the 
disease  usually  appears  on  new  ahoola  springing  from  stumps.  When  these  have 
reached  a  height  of  1  foot  or  so  the  upper  leaves  either  begin  to  shrivel  or  manifest 
other  signs  of  debility;  and,  as  the  shoots  continue  to  lengthen,  all  the  new  leaves 
developed  from  them  betray  the  same  character.  The  diseased  leaves  may  lam 
yellowish  or  remain  a  dirty  green.  •  •  •  In  acute  eases  the  leaves  may  all 
shrivel  up  in  one  year,  but  usually  only  a  few  leaves  near  the  top  of  the  shoot  beiniy 
their  debility,  whence  the  disease  spreads  with  each  successive  cutting,  until  in  the 
course  of  a  few  years  the  entire  plant  is  attacked  or  even  dies  off.  The  branches  of 
the  attacked  plants  usually  remain  slender,  and  the  twigs  and  leaves  are  very 
numerous,  •  *  *  Sometimes  also  the  branches  lose  their  strength  and  become 
procumbent.  The  unfailing  s^ns  are  the  imperfect  development  and  shrivelini;  of 
the  leaves  and  the  slendemese  and  dwarfed  condition  of  the  branches.  Moreover, 
when  a  plant  is  once  attacketl  recovery  is  possible  only  after  two  or  three  years  of 
complete  protection  from  cutting. 

After  an  extended  examination  it  was  found  that  the  trouble  was 
largely  confined  to  plants  that  had  been  subjected  to  low  cutting,  as 
described.  It  occasionally,  however,  developed  on  young  plants 
which  had  never  been  cut,  and  sometimes  on  older  plants  which  had 
never  been  subjected  to  cutting.  These  cases  were  very  rare,  but  the 
cause  of  the  disease  in  these  was  found  to  be  due  to  a  lack  of  sufficient 
reserve  food  to  meet  the  demands  of  the  growth.  How  this  came 
about  in  the  absence  of  cutting  was  not  definitely  determined,  though 
it  is  clear,  as  the  result  of  experiments  which  I  will  speak  of  later,  that 
it  might  be  caused  by  defoliation  following  insect  or  fungous  attacks. 

By  sn  extensive  series  of  analyses  it  was  found  that  during  the 
period  of  growth  of  the  mulberry  the  reserve  materials,  principally 
the  nonalbuminotd  nitrogen  (amido  compounds  soluble  in  water),  in 
the  bark  of  roots  and  stems  are  all  transported  to  the  growing  parts 
and  reach  the  minimum,  and  therefore  if  the  plants  are  cut  down  in 
this  period  the  new  shoots  are  forced  to  depend  on  an  exceedingly 

■  Dr.  Loew,  in  a  letter  dat«d  December  12,  writes  as  follows:  "  The  obeervation 
that  you  made  that  oxidase  can  kill  diastase  has  been  also  made  by  my  asmMant 
(Suxuki)  iu  the  case  of  mutberrr  leaves.  Diseased  leaves  have  more  oxidase  than 
healthy  onee  and  no  longer  transport  starch."  Cf.  Bui.  Col.  Agr.,  Tokyo,  VoL  IV, 
No.  4. 
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small  quantUf^  of  reserve  food;  beoce  the  leaves  are  imperfectly 
developed  and  the  reserve  materials  are  exhausted  before  the  plants 
van  absorb  and  atisimilate  adequate  nourishment  from  the  soil  and  the 
atmosphere.  Professor  Suzuki  therefore  concludes  that  the  principal 
cause  of  the  disease  i»  to  be  soug^bt  in  the  practice  of  subjecting  the 
mulberry  to  repeated  low  cutting,  thus  removing  the  reserv'e  food 
required  in  growth.  He  also  found  that  frequent  picking  of  the  leaves 
exhausted  the  reserve  materials  in  the  stems  and  caused  new  leaves  to 
become  diseased.  He  determined  that  some  varieties  of  mulberry 
store  large  quantities  of  reserve  materials  and  others  very  little.  The 
former  are  quite  reeiatant  to  injuries  from  cutting  back  and  by  the 
removal  of  leaves,  vrbile  the  latter  are  very  ^isily  injured  in  these 
ways.  Winter  cutting  of  dormant  wood  does  not  produce  the  disease, 
because  sufficient  reserve  food  is  left. 

Oonditiobs,  such  as  the  abundance  of  soluble  manures,  favoring  too 
rapid  growth,  are  very  favorable  to  the  disease.  The  application  of 
nitrogenous  or  other  quick-acting  manures  does  not  cure  the  disease, 
but  intensifies  it.  This  is  also  the  case  in  the  mosaic  disease  of 
tobacco."  All  of  the  evidence  in  this  case,  therefore,  points  to  a  con- 
dition in  the  cells  of  the  diseased  mulberry  very  much  like  that  in 
the  mosaic  disease  of  tobacco,  tomato,  potato,  Phytolacca,  and  other 
plants.  Id  the  case  of  the  mulberry  it  appears  to  be  demonstrated 
beyond  a  doubt  that  the  tixiuble  is  primarily  due  to  growth,  with  an 
insufficient  supply  of  elaborated  nitrogen  as  available  food.  Under 
these  conditions  there  should  be  found  in  the  diseased  mulberry  an 
acoumutatiou  of  oxidizing  enzyms,  which  in  part  by  their  action  on  the 
diastase  of  the  cells  inhibit  the  translocation  of  starch  or  its  trans- 
formation into  sugar  and  proteids,  thus  serving  to  intensify  and  fix 
the  disease  in  the  plant. 

It  thus  appears  that  whatever  causes  the  reduction  of  avaiI<Me 
nitrogenoiis  reserm  food,  espeemlly  sohible  nitrogen,  heloic  the  require- 
mentH  of  dividing  cetU  Tnay  cause  this  disease  in  the  tissues  in  question. 
AH  of  the  cases  of  the  disease  in  tobacco  and  other  plants  produced 
by  cutting  back  severely  can  be  thus  explained.  We  have  also  a 
patholt^cal  condition  of  the  same  nature  produced  by  sucking  insecte 
and  raitea  in  the  young  growth  of  carnations  and  other  plants.  I^rge 
quantities  of  reserve  proteids  and  sugars  are  thus  removed,  the  oxidiz- 
ing enzyms  increase,  and  the  growing  cells  lose  their  chlorophyll  and 
finally  die.  I  bare  described  these  changes  under  the  nanw  of  stig- 
monoee  of  carnations.''  The  occasional  appearance  of  the  disease,  as 
before  mentioned,  in  the  young  leaves  produced  at  the  time  of  the  devel- 
opment of  tlowers  can  be  explained  in  this  way,  as  can  also  tlte  develop- 
ment of  the  disease  in  suckers  forming  on  rapidly  growing  plants. 

'Loew,  !.<■.,  p.  26. 

>Bul.  No.  19,  U.  S.  IVp(.  A^r.,  Div.  Veg.  PhvH.  and  Path. 
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The  dise^ise  is  often  produced  by  repotting  the  young,  rapidly 
growing  pl&ntii  or  by  transplanting  them.  At  first  it  was  thought 
that  this  was  due  in  some  way  to  possible  infection  from  diueafied 
plants,  but  the  work  of  the  past  year  under  conditions  free  from  any 
possible  infection  has  demonstrated  that  the  trouble  can  often  be 
induced  simply  by  repotting  or  transplanting.  A  rapid  root  devel- 
opinent  is  induced  by  this  process  and  it  is  likely  that  the  reserve 
nitrogenous  food  for  the  terminal  growing  bud  of  the  stem  may  be 
sufficiently  reduced  to  start  the  trouble.  The  continuation  and  inten- 
sification of  the  disease  after  it  is  once  started  is  probably  to  be 
explained  by  the  action  of  the  oxidizing  enzyma,  as  before  pointed  out. 

IH7BCTI01TS  NATUBB  OF  THB  DISEASE. 

The  apparently  infectious  nature  of  the  malady  is,  however,  difficult 
to  explain  in  accoi'd  with  the  facts  presented  unless  the  oxidizing 
enzjms  artificially  introduced  into  the  plant  hare  the  power  of  inaugu- 
rating changes  like  these  described.  In  my  foi-mer  paper  in  the 
Centntlblatt  f.  Baktenolc^ie,  already  cited,  1  pointed  out  the  con- 
flicting i-esults  of  my  first  inoculation  experiments.  I  did  not  at  that 
time  obtain  infections  with  the  jniceof  diseased  plants  filtered  through 
porcelain:  and  the  results  obtained  by  inserting  pieces  of  diseased 
tissue,  healthy  tissue,  and  simple  wounding  were  also  apparently  con- 
flicting. In  one  experiment,  for  example,  the  disease  was  produced 
by  inserting  apiece  of  healthy  leaf  into  the  stem  of  a  healthy  tobacco 
plant  below  the  terminal  bud;  in  another  case  the  disease  developed  by 
simpi}'  splitting  the  stem,  without  inserting  any  tissue,  while  in  two 
cases  where  diseased  tissue  was  insei'ted  the  plants  remained  healthy. 
In  another  experiment  the  disease  was  produced  by  injecting  a  sterile 
water  solution  of  peroxidase  (obtained  by  alcoholic  precipitation  from 
the  juice  of  a  healthy  plant)  into  two  young  shoots  of  another  healthy 
plant.  These  shoots  became  very  severely  diseased  and  distorted,  while 
other  shoots  on  the  same  plant,  as  well  as  those  on  control  plants 
treated  in  the  same  way  with  distilled  watei-,  remained  perfectly 
healthy. 

During  the  past  year,  however,  the  results  have  been  less  conflicting, 
and  I  have  come  to  the  conclusion  that  the  failure  to  produce  the  dis- 
ease in  some  of  my  former  experiments  was  due  to  the  fact  that  the 
diseased  tissue  was  not  inserted  close  enough  to  the  base  of  the  terminal 
bud.  In  a  recent  experiment  100  seedling  plants  growing  in  the  seed 
bed  were  selected.  They  were  about  6  inches  high  and  had  from  6  to 
8  leaves  well  developed.  All  were  perfectly  healthy.  Fifty  of  the 
plants  were  from  seed  which  had  been  produced  by  artificial  self-  . 
pollination,  and  50  from  seed  by  artificial  cross-polUnatioo.  The 
inbred  plants  were  of  light  color  and  the  cross-bred  of  darker  green 
color.     So  far  a^  determined,  inbreeding  had  nothing  to  do  with  the 
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production  of  the  light  color.  Ten  plants  (5  each  of  the  light  and  dark 
sorts)  were  selected  and  their  stems  split  just  at  the  base  of  the  ter- 
minat  bud;  lU  (5  light  and  5  dark)  were  split  in  the  same  way  and  a 
piece  of  minced  terminal  bud  from  a  healthy  plant  inserted  in  each, 
and  10  (5  light  and  5  dark)  were  split  and  a  piece  of  minced  diseased 
bud  inserted  in  each.  In  eight  days  all  of  the  10  plants  infected  with 
diseased  material  developed  violent  cases  of  mosaic  disease;  not  any  of 
the  other  plants  showed  signs  of  the  disease  at  that  time.  One  week 
later,  however,  8  of  the  10  plants  in  which  the  healthy  tissue  was 
inserted  were  affected,  though  not  so  severely  as  where  diseased  tissue 
was  used.  Not  any  of  the  plants  which  simply  had  their  stems  split 
with  the  sterile  scalpel  developed  the  disease.  All  were  grown  to 
maturity  without  transplanting.  None  of  the  controls  developed  the 
disease,  and  none  of  the  diseased  plants  recovered,  though  all  pro- 
duced a  few  flowers  and  seed.  The  plants  were  fed  with  nourishing 
solutions,  but  did  not  grow  targe  on  account  of  being  too  close  together. 
It  should  be  especially  noted  that,  though  they  were  growing  so  close 
together  that  their  roots  were  interwoven,  the  disease  did  not  spi'ead  to 
the  healthy  plantu.  This  agrees  with  field  obser\'ation.s,  where  the 
plants  are  often  found  in  pairs,  one  healthy  and  the  other  diseased,' 

The  next  experiment  was  with  similar  plants  from  seed  out  of  the 
same  pods  as  in  the  experiment  above  described.  There  were  30  con- 
trols and  30  plants  operated  upon.  They  were  growing  in  8-inch  pots 
and  had  from  6  to  8  leaves  at  the  time  of  the  experiment.  All  were 
healthy.  The  value  of  the  results  wa.s  interfered  with  by  the  use  of 
iimc  on  the  bench  under  the  pots  to  drive  away  slugs.  Some  of  the 
plants  were  so  badly  injured  in  this  way  that  they  died.  One  import- 
ant point  was  thus  determined,  however,  namely,  that  the  lime  in  this 
case  had  no  effect,  one  way  or  the  other,  upon  the  development  of  the 
disease  as  the  result  of  inoculation.  Injection  of  unfiltered  diseased 
juice  into  the  terminal  bud  produced  the  disease  in  eight  days  in  ■!  out  of 
5  of  the  plants  treated.  The  other  plant  was  killed  by  lime.  The  dis- 
ease was  also  produced  in  3  out  of  6  cases  by  pouring  the  diseased 
extract  on  the  roots  at  the  base  of  the  stem.  The  other  2  plants  of 
this  series  were  killed  by  lime.  Boiled  diseased  juice  also  produced 
the  disease  in  2  out  of  5  cases  when  inj  cted  into  the  growing  plant. 
The  other  3  plants  were  killed  by  lime.  Boiled  diseased  juice  also 
produced  the  disease  in  a  cases  in  eight  days  when  poured  on  the  roots. 
The  other  3  plants  were  killed  by  lime. 

ZTKOOEN  FOB  OXISASB  AKD  PEBOXBDASE. 

The  boiled  diseased  juice  just  mentioned  stood  eighteen  hours  at 
60-  C.  t>efore  use.  This  temperature  for  the  time  mentioned  docs  not 
injure  the  oxidizing  enzynis,  but  prevents  bacterial  development.     It 
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was  tested  immediately  aft«r  boiling  and  found  to  be  free  from  the 
enzyms  in  question.  The  next  day  after  the  injection  experiments  the 
remaining  portions  of  the  boiled  juice  were  tested  and  to  my  surprise 
gave  a  strong  reaction  for  botti  oxidase  and  peroxidase;  in  fact  it  was 
scarcely  weaker  than  the  reaction  of  the  unboiled  juice.  Thin  at  once 
suggested  the  possibility  of  a  zymogen  for  these  enzyms.  Upon 
further  study,  this  supposition  was  found  to  be  correct.  In  the  leaves 
of  tobacco  themselves  and  in  the  uofiltered  extracted  juice  both  enzyms 
are  regenerated  in  two  hours  after  boiling.  A  second  boiling  after 
four  hours  is  not  followed  by  a  regeneration  of  the  enzyms.  It  is 
evident,  therefore,  that  the  zymogen  exists  in  the  cell  in  sufficient 
quantity  to  regenerate  practically  the  same  amount  of  active  enzym 
as  is  already  in  the  cell.  The  transformation  of  the  zymogen  into  the 
active  enzym  takes  place  whenever  the  active  enzym  in  question  is 
removed  or  destroyed.  The  relation  of  the  active  and  the  reserve 
enzym  is  evidently  a  balance  not  controlled  by  the  protopla-^m,  as  the 
regeneration  occurs  in  cells  which  have  been  killed,  but  of  course  no  new 
supply  of  zymogen  is  manufactured  in  such  cases,  even  in  expressed 
juice  or  in  the  cells  of  the  dead  leaf.  The  zymogen  becomes  active 
only  in  proportion  to  the  decrease  of  active  enzyms  present  in  the  cells 
at  the  time  they  were  killed.  All  of  the  experiments,  therefore,  with 
boiled  juice,  where  it  was  intended  to  destroy  the  enzyms,  must  be 
looked  upon  as  simply  experiments  with  the  attenuated  enz3'ms,  or 
more  correctly,  perhaps,  an  enzym  solution  of  half  the  strength  of 
unboiled  juice. 

In  the  remaining  10  plants  in  the  experiment  above  referred  to, 
those  injected  with  healthy  juice  became  diseased  in  2  cases,  3  remained 
healthy,  and  1  was  killed  by  lime. 

Where  the  juice  of  the  healthy  plants  was  poured  on  the  roots,  2 
cases  of  the  disease  were  produced,  3  remained  healthy,  and  1  was 
killed  by  lime.  Five  of  the  control  plants  were  injected  with  distilled 
water,  but  none  of  them  developed  the  disease.  Of  the  remaining  25 
controls,  4  were  aifected  with  the  disease  without  any  apparent  (.-ause. 

On  the  whole,  this  experiment  indicates  that  there  is  something  in 
the  juice  of  normal  tobacco  plants  which  can,  under  certain  conditions, 
cause  a  development  of  this  disease.  There  is  a  strong  indication  in 
the  experiment  just  described  that  this  substance  may  be  an  oxidizing 
enzym. 

In  another  experiment  24  plants  were  selected.  They  were  6  to  8 
inches  high,  had  4  pairs  of  leaves,  and  were  growing  in  3-incb  pots,  all 
being  perfectly  healthy.  Of  these,  4  were  injected  in  the  terminal  bud 
with  distilled  water,  4  with  double-boiled  diseased  juice  free  from  ac- 
tive or  reserve  enzyms,  4  with  a  water  solution  of  oxidase  and  perox- 
idase obtained  by  alcoholic  precipitation  from  the  juice  of  diseased 
plants,  and  4  with  unboiled  diseased  juice;  there  were  8  controls. 
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In  Qine  daya  all  the  plants  injected  with  solution  of  the  precipitated 
enzyms,  and  those  with  unboiled  juice,  showed  the  disease  decidedly 
in  their  young  leaves.  Examination  the  day  previous  showed  in  some 
cases  an  indication  of  disease,  but  it  was  not  sufficient  to  make  the 
diagnosis  sure.  The  suddenness  of  the  appearance  of  disease  on  the 
ninth  day  in  the  two  sets  of  plants  is  quite  remarkable.  All  of 
the  other  plants  were  at  this  time  apparently  perfectly  healthy;  five 
days  later,  however,  2  of  the  plants  injected  with  distilled  water,  1  of 
those  injected  with  double  boiled  juice,  and  3  of  the  8  controls  became 
diseased.  AH  of  the  plants  were  carefully  repotted  three  days  after  the 
experiment  was  started.  This  was  made  necessary  because  the  roots 
were  coming  through  the  bottom  of  the  pot.  This  last  attack  of  the 
disease  can  probably  be  attributed  to  the  repotting,  which,  1  have 
before  pointed  out,  is  often  alone  sufficient  to  cause  the  di3ea.He  to 
develop.  These  cases  among  the  control  plants  were  not  so  severe  as 
those  produced  by  inoculation,  but  were  not  otherwise  different. 

No  more  eases  developed  in  these  plants.  They  were  allowed  to  go 
on  and  fruit  without  further  repotting.  The  evidence  ^ain  points 
strongly  toward  the  enzym  as  an  active  agent  in  bringing  on  the  dis- 
ease a.^  the  result  of  inoculation.  As  I  pointed  out  in  a  former  paper, 
the  so-called  pcroxidizing  enzyms  remain  for  a  long  time  active  in 
soil  containing  the  decaying  I'oots  of  toi>acco  and  other  plants.  The 
enzym  is  freed  through  the  proc;es8  of  decay.  Beijerinct  and  others 
have  shown  that  soil  in  which  diseased  plants  have  been  growing 
is  very  favorable  to  the  development  of  the  disease  in  later  crops. 
An  expenment  was  planned  to  test  infection  in  this  manner.  Four 
7-inch  pots,  2  with  mature  healthy  and  2  with  mature  diseased 
plants,  were  selected.  The  tops  were  cut  off  In  each  case  and  all 
the  small  i-oots  broken  up  and  mixed  with  the  soil  from  which  they 
were  taken.  Some  well-rotted  cow  manure  was  added  to  each  pot. 
Healthy  young  plants  were  then  taken  from  the  seed  bed  with  suffi- 
cient earth  so  as  not  to  disturli  the  roots  and  were  set,  2  in  each  pot. 
The  plants  had  only  2  leaves  besides  the  cotyledons,  so  it  was  possible 
to  move  them  without  disturbance.  This  first  series,  with  1  healthy 
control  pot,  was  kept  in  the  laboratory,  and  the  amount  of  light  the 
plants  received  was  very  small  compared  with  what  they  would  have 
received  in  the  greenhouse.  Besides  the  above,  2  sim^ar  pots  of  dis- 
eased plants  and  2  of  healthy  were  selected  and  the  tops  and  tapioot 
were  removed  in  each  case,  but  the  soil  was  not  otherwise  disturl«d, 
and  no  manure  was  added.  As  controls,  2  pots  with  fresh  soil  mixed 
with  manure  were  prepared,  and  young  plants  were  set  in  the  same 
way.  This  last  series  was  kept  in  the  greenhouse,  except  1  of  the 
controls,  which  was  added  to  the  .series  in  the  laboratory.  Besides  the 
young  plants  transplanted,  5  fresh  tobacco  seeds  were  planted  m  each 
pot  of  both  series,  all  of  these  seeds  coming  from  1  pod  of  a  healthy 
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plant.  The  transplanted  plants  grew  a  little  faster  than  those  remain- 
ing in  the  Heed  bed,  prolmbly  beeaui^e  they  were  less  crowded.  The 
plants  in  the  lalx>ratory  grew  veiT  wlowly  compared  with  thot>e  in  the 
greenbouisc.  After  they  had  grown  for  a  week  a  sharp  scalpel  wa« 
thrust  into  the  soil  near  the  stem,  so  as  to  cut  some  of  the  loot^  of  1 
plant  in  each  pot  of  both  series.  In  the  4  pots  in  whieh  the  diseased 
roots  were  present  the  plants  with  roots  cut  developed  the  disease  in 
eight  days  after  cutting.  Those  with  uncut  roots  l)eeame  diseased  one 
after  another,  until  in  three  weeks  all  of  them  weie  affected.  Four 
weeks  from  the  time  of  planting  the  plants  with  roots  cut,  growing  in 
soil  containing  healthy  roots,  became  diseased,  and  2  of  the  plants 
which  did  not  have  their  roots  cut  he<'ame  diseased  a  week  later.  The 
2  remaining  with  roots  uncut  also  finally  became  diseased.  The  plants 
growing  in  eonti-ol  soil  not  containing  decayed  roots  remained  healthy. 
The  .seed  sown  in  the  pots  nearly  all  germinated  and  grew  well,  espe- 
cially in  the  greenhouse.  In  the  laboratory  scries  containing  minced 
roots  of  disea-ted  plants,  one  seedling  developed  the  disease  in  the  first 
leaf  after  the  cotyledon.  None  of  the  other  seedlings  showed  any  signs 
of  the  trouble  at  this  time.  This  plant,  with  a  healthy  one  growing 
near  it.  wiis  dug  up.  and  1  of  the  principal  feeding  roots  of  the  diseased 
plant  was  found  growing  lengthwi.se  through  a  piece  of  decaying 
diseased  root.  The  roots  of  the  healthy  seedling  were  not  in  connec- 
tion with  any  piece  of  diseased  root  in  the  soil.  A  test  of  the  soil 
watei'.  however,  indicated  the  presence  of  peroxidase,  though  not  in  lai^ 
quantities.  The  young  root  growing  through  the  diseased  decaying 
root  must  have  absoibed much  more  peroxidase  than  would  have  been 
possilile  if  it  had  not  been  connected!  with  the  decaying  root.  The 
diseased  piece  of  root  was  removed,  and  was  found  on  examination  to 
be  rich  in  pemxidase.  Both  plants  were  again  planted,  but  the  dis- 
eased plant  did  not  recover. 

In  the  greenhouse  all  of  the  5  seedlings  in  1  of  the  pots  in  which  a 
diseased  plant  had  been  growing  (the  soil  remaining  full  of  decaying 
roots)  l>ecanie  diseased  in  the  first  pair  of  leaves  after  the  cotjledons. 
In  the  other  pot  containing  diseased  decaying  roots  3  of  the  seedlings 
were  diseased  and  2  were  healthy.  In  the  pots  containing  healthy 
decaj'ing  roots  3  seedlings  in  one  and  2  in  the  other  became  diseased  in 
the  fourth  pair  of  leaves.     Seedlings  in  fresh  soil  remained  healthy. 

In  the  lat>oratory  no  more  cases  of  the  disease  developed  in  any  of 
the  seedlings  for  several  weeks.  The  plants,  however,  made  a  slow 
growth,  owing  to  the  lack  of  sufficient  light.  After  some  time  eases 
began  to  develop  in  all  the  pots  containing  decaving  roots,  and  finally 
the  -2  plants  which  had  been  transplanted  to  the  fresh  soil  also 
liecame  diseased.  All  of  the  plants  in  all  the  pots  in  the  laboratory 
finally  became  diseased  except  the  4  secllings  in  healthy  soil.  None 
of  the  plants  in  the  laboratory  are  flowering,  and  all  are  unable  to 
supix>rt  their  weight,  falling  down  over  the  sides  of  the  pota. 


dbyGoogIc 


ZYMOGEN   FOR   OZIDASE   AND   PER0XIDA9E,  21 

This  evidence,  along  with  that  gathered  from  natural-sown  seedlings, 
leads  to  the  conclusion  that  the  presence  of  decaying  tobacco  roots 
in  the  soil  favors  the  development  of  the  disease.  The  diseased  roots 
are  the  most  active  in  producing  it,  hut  the  healthy  i-oots  also  seera  to 
favor  its  development.  Whether  this  is  due  to  the  peroxidase  set  free 
in  decay  or  to  some  other  active  substance  can  not  be  definitely 
decided.  The  direct  infection  experiments  with  this  enzym,  however, 
lead  me  to  the  hypothesis  that  it  may  be  absorbed  directly  by  young 
roots  and  thus  serve,  as  in  the  case  of  hypodermic  injections,  to  start 
that  series  of  changes  which  results  in  the  disease.  It  thus  appears 
that  the  enzym  obtained  from  either  healthy  or  diseased  plants  is  able, 
under  the  proper  conditions,  to  produce  the  disease.  There  is  no  i:vi- 
dence  that  the  peroxidase  of  the  healthy  and  diseased  plants  is  differ- 
ent, except  that  the  latter  is  more  active,  both  in  the  plant  and  out 
of  it. 

The  evidence  which  I  have  collected,  taken  along  with  that  obtained 
by  other  workers,  especially  Mayer  and  Beijerinck,  is  therefore  veiy 
strongly  in  favor  of  the  infectious  nature  of  the  trouble  under  certain 
conditions.  The  matter  can  not,  however,  be  considered  as  settled. 
So  far  as  the  evidence  at  hand  goes  it  appears  that  in  growing  cells 
there  is  possibly  a  definite  relation  between  active  oxidizing  power, 
through  the  medium  of  oxidizing  enzynis  and  the  availability  of 
reserve  food  to  the  growing  cells.  It  appeal's  that  this  balance 
between  the  oxidizing  enzym.s  and  the  availability  of  reserve  foods 
can  be  broken  by  removing  on  the  one  hand  the  supply  of  reserve 
foods,  in  any  way  during  growth,  in  which  case  the  enzym  content  of 
the  cell  is  increased  from  two  to  four  times  the  normal  activity.  This 
removal  of  reserve  food  may  l)e  either  the  result  of  diversion  to  other 
parts  of  the  plant  or  by  direct  removal,  as  in  the  case  of  sucking 
insects,  and  possibly  also  can  be  brought  about  by  other  conditions 
not  at  present  undei-atood.  The  same  pathological  symptoms  ma}' 
therefore  be  brought  about  by  very  diverse  causes.  On  the  other 
hand,  the  most  remarkable  thing  is  that  the  introduction  of  the  enzyms 
in  question  set'*  up  the  same  series  of  pathological  ('hanges  as  is 
brought  about  by  the  removal  of  reseri'e  food,  namely,  the  increase  of 
the  normal  enzyms  of  the  cell,  and  the  decrease  of  availability  of 
reserve  foods.  When  this  pathological  condition  is  reached  it  is  very 
difficult  for  the  plant  to  correct  the  trouble.  The  oxidizing  enzyms 
probably  move  from  one  part  of  the  plant  to  another,  though  how 
much  of  the  general  spread  of  the  disease  in  the  plant  is  due  to  such 
movement  has  not  been  determined. 

The  evidence  of  the  communicability  of  this  disease  is  quite  as  strong 
if  not  stronger  than  that  upon  which  rests  the  belief  in  the  communi- 
cability of  ordinary  variegation  through  grafting  i-ariegated  on 
healthy  plants.     The  two  groups  of  diseases  are  at  least  very  closely 
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related  and  are  probably  simply  different  pbaues  of  the  same  malady. 
Possibly  peach  yellows,  as  suggested  by  Smith,  and  the  California  vine 
disease  belong  here  also  and  are  to  be  similarlj'  explained.  Die-bat^k 
of  the  orange  may  also  be  a  related  malady.  A  new  disease  of  tiie 
vine,  recently  desciibedas  Le  Court-Noue'  by  Professor  Ravaz,  shows 
all  of  the  characteristic  symptoms  of  a  mosaic  disease  in  marking  of 
foliage,  general  stunting  and  deformity  of  leaves  and  branches,  and 
transmission  by  grafting. 

In  a  recent  bulletin ''  I  called  special  attention  to  the  fact  that  plants 
rich  in  oxidizing  enzyms  were  more  sensitive  to  unfavorable  condi- 
tions of  temperature,  moisture,  and  e.tpecially  to  insect  enemies  than 
plants  poor  in  these  enzyms.  Some  of  the  reasons  for  this  greater 
sensitiveness  1  have  already  pointed  out  in  this  and  other  papers.' 
All  through  the  work  this  observation  has  been  confirmed  not  only 
for  insect  and  animal  pests,  but  for  several  kinds  of  fungi,  especially 
the  spot  disease  of  tobacco  and  spot  of  violet.  Czapek"  has  demon- 
strated a  relation  of  oxidizing  enzyms  to  geotropic  curvature  in  root 
tips  of  several  genera  of  plants.  In  the  most  sensitive  condition  of 
the  young  roots  there  is  present,  especially  in  the  root  tips,  an  oxidiz- 
ing ferment  and  a  reducing  substance.  As  the  root  is  stimulated  to 
curve  the  reducing  substance  is  increased  in  activity  and  the  oxidiz- 
ing enzym  is  reduced  in  its  action. 

This  work  of  Czapek's  suggests  the  possibility  that  there  may  be  a 
I'elation  of  this  kind  between  oxidizing  and  reducing  substances  in 
plants  sensitive  to  parasites  of  various  kinds,  especially  as  1  have 
already  shown  that  sensitive  individuals  are  rich  in  the  oxidizing  fer- 
ments. This  presence  of  reducing  substances  is  indicated  in  many  of 
the  preliminary  tests,  but  their  exact  nature  has  not  yet  been  deter- 
mined. It  appears  quite  likely  that  resistance  to  parasitic  attack  may 
be  coiTelated  with  decreased  irritability;  or,  what  amounts  in  many 
cases  to  immunity  may  be  brought  about  in  the  plant  or  animal  by 
the  development  of  these  reducing  substances.  A  furthoi'  study  of 
their  relations  in  this  connection  ia  in  progi-ess  in  the  laboratories 
under  the  writer's  direction. 


The  writer  has  not  had  opportunity,  on  account  of  other  work,  to  go 
into  the  question  of  preventive  measures  under  field  conditions,  to  any 
great  extent.     The  first  work  was  to  determine  the  nature  and  causes 

*  L.  Ravaz.     Progres  Aj^ricole  et  Viticole,  Nob.  21  and  24,  1900. 
"Bui.  19,  U.  a  I>ept.  ot  Agr.,  Div.  Veg.  Fhys.  and  Path. 

"PhyMoU)gy  in  Relation  to  Agriculture.  Bull.  99.  V.  S.  Dept.  Agr.,  Office  of  EipL 
Stations. 

*Berichted.  d.  botan.  GeHellmrhaft,  Bd.  XV.  ii|).  51tt-520,  1897. 
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of  the  disease,  tbe  second  step  is  to  determine  the  remedy.  In  this 
inquiry  the  following  facts  must  be  remembered: 

The  disease  is  not  due  to  parasites  of  any  kind,  but  is  the  result  of 
defective  nutrition  of  the  young  dividing  and  rapidly  growing  cells, 
due  to  a  lack  of  elaborated  nitrogenous  resei-ve  food  accompanied  by 
an  abnormal  increase  in  activity  of  oxidizing  enzyms  in  the  diseased 
cells.  The  unusual  activity  of  the  enzym  prevents  tbe  proper  elabo- 
ration of  reserve  food,  so  that  a  plant  once  diseased  seldom  recovers. 
On  the  decay  of  the  roots,  leaves,  and  stems  of  both  healthy  and  dis- 
eased plants,  the  enzym  in  question  is  liberated  and  remains  active  in 
the  soil.  The  enzym  is  very  soluble  in  water  and  appears  to  pass 
readily  through  plant  membranes.  If  young  plants  take  it  up  in  suf- 
ficient quantity  to  reach  the  terminal  bud,  they  become  diseased  in  the 
characteristdc  way.  Under  field  conditions  there  is  little  danger  from 
infection  in  this  manner,  but  in  the  seed  bed  the  danger  is  much 
greater  on  account  of  the  greater  susceptibility  of  the  young  plants  to 
disease,  and  the  greater  amount  of  free-oxidizing  enzyms  likely  to  be  in 
the  soil,  due  to  the  decay  of  roots  and  plants.  New  or  steam-sterilized 
soil  should  therefore  be  used  for  the  seed  bed. 

I  have  shown  that  transplanting,  especially  when  the  roots  are  injured, 
may  produce  the  disease.  Great  care  must  therefore  be  taken  not  to 
injure  the  roots  in  this  process  or  in  subsequent  cultivation,  or  to  check 
the  growth  of  the  plants. 

Thei-e  is  evidence  that  rapid  growth,  caused  by  too  much  nitrogenous 
manure  or  too  high  temperature,  is  favorable  to  the  disease.  Why 
this  should  be  tbe  case  has  not  been  determined.  It  is  probably  con- 
nected, however,  with  the  manufacture  of  reserve  m'trogen  by  the  cells 
and  its  distribution  to  the  rapidly  growing  parts. 

Plants  grown  under  such  conditions  are  less  able  to  stand  success- 
fully marked  variations  in  temperature  and  moister  conditions  of  soil 
and  atmosphere.  Variations  of  this  kind  favor  the  development  of 
the  disease  in  the  less  resistant  plants. 

Close  clayey  soils,  packing  hard  after  rains  and  requiring  constant 
tillage,  are  not  favorable  to  even  growth  of  either  the  tops  or  the  roots 
of  tobacco  plants.  In  moist,  cloudy  weather  the  plants  will  grow  too 
fast,  and  in  hot,  dry  weather  the  soil  is  likely  to  bake,  checking  growth 
and  making  probable  injury  to  the  roots  in  cultivation.  Such  soils 
are  very  favorable  to  the  development  of  mosaic  disease,  as  pointed  out 
by  Thaxter.*  He  found  that  loosening  tbe  soil  by  liming  and  giving 
partial  shade,  thus  causing  a  more  even  condition  of  growth,  very 
greatly  reduced  tbe  amount  of  disease.  The  following  table  is  taken 
from  bis  report.  Itahows  the  percentage  of  "calicoed"  plants  on  each 
plot,  shaded  and  unshaded.  "Calico"  was  very  prevalent  in  all  of 
the  tobacco  fields  in  the  neighborhood. 

'Jonn.  Report,  1899,  III,  p.  253. 
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The  pUntj  under  the  paitial  slat  ^bade  did  not  grow  quite  as  fast  aa 
those  outside,  but  the  conditions  were,  of  course,  less  variable. 

Crops  grown  under  cheese-cloth  covers  protected  at  the  side,  thus 
making  even  conditions  of  growth,  are  said  to  be  remarkably  free 
from  disease.  The  plants  make  a  steady,  rapid  growth — much  greater 
than  in  ordinary  field  culture.*  The  quality  of  the  leaf  is  pronounced 
of  the  highest  grade  for  cigar  wrappers. 

In  the  South,  wet,  poorly  drained  soil  is  said  to  favor  the  develop- 
ment of  calico.  This  would  be  expected  on  the  same  grounds  as  sug- 
gested above. 

Heed  should  not,  on  genei'al  principles,  be  saved  frnm  plants  which 
develop  this  disease,  though  it  is  not  as  a  rule  transmitted  in  this 
^ray.  The  seed  may  lack  in  vigor,  and  the  plants  produced  f  i-om  them 
would  be  expected  to  have  a  tendency  to  develop  the  trouble  in  cir- 
cumstances favorable  to  the  malady.  The  experimental  evidence  on 
this  point  is,  however,  not  conclusive. 

The  disease  is  not,  so  far  as  obsen-ed,  produced  by  a  lack  of  soil  nu- 
trients, though  from  its  nature  we  would  expect  that  a  deficiency  of 
nitrogen,  phosphoric  acid,  lime,  or  magnesium  might  favor  its  devel- 
opment. Koning"  saj's  that  manuring  with  kainit  and  Thomas  slag 
diminiishes  the  extent  of  the  disease.  Mayer,  Beijerinck,  and  other 
investigators,  however,  agree  that  the  trouble  is  not  caused  by  the 
lack  of  any  soil  nutrients.  It  appeal's,  so  far  as  my  own  investigations 
go,  that  the  trouble  can  not  be  cured  by  giving  the  plants  additional 
food  of  any  kind.  Overfeeding  with  nitrogen  favors  the  development 
of  the  di.sease,  and  there  is  some  evidence  that  excess  of  nitrates  in  the 
cells  may  cause  the  excessive  development  of  the  ferments  causing  the 
disca.-je.  Very  slight  attacks  of  the  disease  known  as  mottled  top  are 
said  not  to  injure  the  quality  of  the  leaf  to  a  sufficient  extent  to  lie 
noticeable  commercially,  though  they  are  less  elastic  and  have  a  poorer 
burn  and  ai'oma  than  healthy  leaves. 

It  is  hoped  that  the  observations  brought  together  in  this  paper 
may  at  least  help  those  who  are  investigating  this  trouble  to  solve  the 
problem  of  its  control. 

'See  Report  65,  V.  ft.  Depl.  tit  Apriraltiire. 
"Zeitschrift  fiir  Fflaii^ifiikrankheiten,  1899,  |i.  6.5. 
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Distortion  of  Tobacco  foliaqe  ev  Mosaic  Disease,  caused  by  cutting  b 
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Distorted  Leaves  from  Plant  shown  in  Plate  lir. 
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U.    S.    DePABTMENT   of  AOBICULTnEB, 

Bureau  of  Plant  Industry, 
Office  op  the  Chief. 
Was/iinffton,  D,  C,  January  30,  1908. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  Ken- 
tucky Blue^ra>!S  Seed:  Harre^tlaff,  Curing,  and  Cleaning,  and  respect- 
fully recomoiend  that  it  be  published  as  Bulletin  No.  19  of  the  Bureau 
series.     The  paper  was  prepared  by  Mr.  A.  J.  Pietera,  botanist  in 
charge  of  seed  laboratory,  and  Mr.  EMgar  Brown,  assistant  botaniiit, 
l>oth  of  Botanical  Investigations  and  Experiments,  and  wau  submitted 
by  the  Botanist. 

Respectfully.  B.  T.  Gallcwat, 

Chief  of  BuTeau, 
Hon.  James  Wilson, 

Sicretary  of  Agriculture. 
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The  seed  of  Kentucky  blu^rass  forms  an  important  item  in  the 
grass-seed  trade  of  the  eastern  United  States,  both  in  the  domestic 
marketand  forexport.  In  the  absence  of  precise  statistics,  itraay  be 
stated  that  the  annual  crop  averages  from  200,000  to  300,000  bushels, 
with  a  value  of  $200,000  to  |300,000.  In  the  progress  of  our  studies 
in  the  seed  laboratory  a  surprising  variation  was  found  in  the  percent- 
age of  germination  of  this  seed.  It  was  suspected  that  the  vitality  of 
the  seed  "was  injured  at  some  stage  in  the  process  of  harvesting  or 
curing.  An  investigation  was  therefore  instituted  which  has  involved 
an  examination,  by  Mr.  Pietevs  and  Mr.  Brown,  of  the  field  operations 
of  the  growers  in  Kentucky  during  the  harvesting  seasons  of  1900  and 
1901,  together  with  an  extensive  series  of  germination  testa  conducted 
in  Washington.  This  investigation,  the  first  results  of  which  are  here- 
with published,  has  demonstrated  conclusively  that  the  frequent  low 
germination  of  Kentucky  blucgrass  seed  ia  in  reality  due  to  improper 
treatment  during  the  process  of  curing  the  crop,  which  results  in  over- 
heating the  seed  and  destroying  its  vitality.  The  investigation  has 
demonstrated,  further,  that  this  overheating  is  preventable.  It  is 
believed  that  a  drying  apparatus  can  be  used  which  will  obviate  the 
difficulty  and  take  the  place  of  the  expensive  hand  labor  or  expensive 
storage  facilities  which  otherwise  are  necessary.  Further  experiments 
relative  to  such  apparatus  are  planned  for  the  coming  year. 

Frederick  V.  Coviixe, 

Botanist. 

Office  of  the  Botanist, 

WaskiTigton,  D.  C,  JamiaryZl^  190^. 
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KENTUCKY  BLUEGRASS  SEED:  HARVESTING,  CURING, 
AND  CLEANING. 


IKTBODUOnON.  • 

Among  pasture  grasses  there  are  none  that  take  higher  rank  than 
the  bluegrasses.  Scattered  throughout  the  north  temperate  portions 
of  the  globe,  the  various  species  afford,  often  in  great  abundance, 
natural  pasturage  of  the  best  quality.  This  is  nowhere  more  the  case 
than  in  the  United  States,  where  a  single  species,  the  Kentucky  blue- 
grass  {Poapraterusis),  has  made  famous  one  of  the  most  beautiful  and 
richest  regions  of  this  country. 

DISTRIBUTION   OF   KENTUCKY    BLUEGRASS. 

This  species  is  distributed  almost  throughout  ]Sorth  America  and  is 
commoa  in  the  Northeastern  and  Middle  States,  but  reaches  its  best 
development  in  the  rolling  country  of  Kentucky,  Missouri,  and  Iowa. 
The  bluegrass  region  of  Kentucky  consists  of  gently  rolling  lime- 
stone slopes,  with  every  uncultivated  rise  and  hollow  covered  with  a 
carpet  of  bluegrass,  green  in  spring  and  fall  and  in  early  summer 
changing  to  great  brown  billows  of  the  grass  in  seed. 

From  Kentucky  the  bluegrass  was  earned  to  Missouri  and  to  Iowa, 
where  it  is  now  so  well  established  that  it  lies  at  the  foundation  of  the 
extensive  and  growing  stock-raising  industry.  The  story  of  how  the 
bluegrass  was  brought  to  Iowa  is  told  in  Wallace's  Farmer,  and  is 
worth  quoting  aa  part  of  the  history  of  American  ugricultuie.  Mr.« 
Wallace  says: 

When  we  flrat  came  to  Winteraet  in  1877  we  noticed  that  the  bluegroaa  was  spread- 
ing from  that  town  westward,  the  first  seed  having  been  broi^ht  to  that  region  many 
yeara  before  by  a  traveler  from  Kentucky,  who  adopled  the  unique  method  of  paying 
bis  expenses  by  giving  bluegrase  seed  to  the  settlers. 

QUALITY   OF  SEED   REQIHRED  BV    THE   FOREIGN   TRADE. 

It  is  well  known  to  the  trttde  that  poor  seed  can  not  be  sold  to  the 
European  buyers.  The  foreign  market  demands  not  only  heavy  seed, 
but  seed  that  will  germinate  well,  and  in  many  of  the  dealings  between 
American  and  European  firms  biuegi-ass  seed  is  sold  at  a  price  pro- 

*  The  authors  desire  to  express  their  than  kit  for  the  many  favora  and  opportunities 
for  study  oftet«d  by  the  growers  and  cleaners  of  Kentucky  blu^rass  seed  in  and 
about  Lexington,  Winchester,  and  Paris,  Ky.,  and  also  for  the  help  and  suggestions 
afforded  by  Professor  Scovell,  director  of  the  Kentucky  -igricultuta!  Experiment 
Station,  and  Professor  Garuian,  entomologist  and  botanist. 
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portioned  to  tbe  pen-entage  of  germination.  Unfortunatel;,  no  such 
Hystem  prevails  in  the  United  States,  and  the  domestic  trade  uses  tbe 
bulk  of  the  hlue^nuK  Heed  that  has  been  spoiled  by  careless  handling. 

ADULTERATION. 

Another  matter  aeriously  affecting  tbe  quality  of  the  seed  is  the 
adulteration  of  Kentucliy  bluegtass  seed  with  that  of  Canada  blue- 
graiis.  These  seeds  resemble  each  other  closely,  and  more  than  one 
tirm,  even  among  those  doing  business  in  and  near  Kentucky,  has  sold 
adulterated  seed.  Canada  bluegrass  undoubtedly  has  its  place,  but 
that  place  is  where  Kentucky  bluegrass  does  not  succeed.  When  the 
latter  is  wanted,  tbe  Canada  seed  is  worthless  or  worse  than  worth- 
less, and  tbe  Kentucky  farmers  have  reason  for  protesting  against  a 
practice,  injurious  to  their  pastures. 

BOUHCE   OF  THE   MARKET  atJPPLY, 

Tbe  Kentuck.v  bluegrass  seed  for  sale  on  the  American  market  is  all 
home  grown.     Although  the  blu^rass  as  a  pasture  and  meadow  crop 


Flu.  I .— Mati  ■howjn; 


■  The  blne^roBs  nto-n  ot  Kentucky.    The  bulk  of  the  Kentucky  blaefr«e 
eeed  is  hsrv«etM  from  this  area. 

Sr; :   Areas  hi  whi<-Ii  a  limited)  quantity  of  Kmitucky  bluegnafi  aeed  is  harvested. 

I|I[[HI   Area  hi  which  ('4ina<ta  liluegraw  weed  b  haneetad. 

ban  spread  over  luoj-t  of  eaf«tern  North  America,  the  harvesting  of  the 
seed  is  limited  to  a  few  localities  (tig.  1).     The  best  known,  as  well  as 
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Fig.  1.— Cattle  in  Bluegbass  Pasture  at  Time  of  Hahvestinq. 


Fig.  2.— Stripping  Blueqrass  Seed  n 
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the  Diost  important  of  these,  is  in  Kentucky,  where  the  oountievi  of 
Bourbon,  Fayette,  and  Clark,  in  the  heart  of  the  bluegrass  region, 
produce  the  greater  part  of  the  seed  crop  of  Kentucky.  The  adjoining 
countieti  of  Scott,  Montgomery,  Woodford,  Franklin,  and  Jetitsamine 
also  produce  some,  and  small  quantities  are  doubtless  harvested  in 
other  part^  of  the  State.  Most  of  the  seed  is  secured  within  &  radius 
of  ^5  miles  fi-om  the  center  of  a  triangle  formed  by  lines  connecting 
the  cities  of  Lexington,  Paris,  and  Winchester.  A  few  years  ago  this 
seed  was  first  harvested  in  Iowa  (PI.  II,  tig,  2),  where,  in  1897,  one  man 
gathered  11,200  bushels  in  Lucas  County.  Since  that  time  a  cleaner 
has  been  put  up  in  Creston,  Union  County,  and  during  1900  this  mill 
turned  out  6,000  bushels  of  "fancy,"  all  gathered  in  the  vicinity  of 
Creston.  Seed  is  also  gathered  at  points  in  Missouri,  and  a  little  in 
Illinois. 

FACTORS   COSTROLLING   THE   PROPTTABLE    HARVi^TING   OF  SEED. 

The  first  requisite  to  profit  in  gathering  the  seed  is.  of  course,  an 
abundant  growth  of  the  grass,  free  from  other  plants.  The  profitable 
use  of  comb  strippers  is  confined  to  districts  having  a  clay  soil.  On 
sandy  soil  the  plants  arc  pulled  up.  Where  rotary  strippers  are  used 
this  trouble  is  not  experienced.  Another  controlling-f actor  is  the  loca- 
tion of  cleaning  mills.  Since  the  market  chiefly  demands  fancy  cleaned 
seed,  Kentucky  bluegrass  seed  can  not  be  profitably  harvested  except 
within  a  reasonable  distance  from  a  cleaner..  At  present  there  are 
seven  cleaners  in  Kentucky,  one  being  located  at  Georgetown,  one  at 
Lexington,  and  five  at  Paris.  There  is  one  cleaner  at  St.  Louis,  Mo., 
and  at  least,  two  at  Kansas  City,  Mo.,  besides  the  one  previously  men- 
tioned as  being  at  Creston,  Iowa.  Most  of  these  mills  draw  their 
supply  of  rough  seed  from  the  surrounding  countrj',  but  in  some  cases 
it  is  brought  to  the  mills  in  carload  lots. 

TIELD  PER  ACRE  AND  TOTAL  CROP. 

The  amount  of  rough  seed  harvested  per  acre  varies  greatly.  A 
good  crop  is  15  or  20  bushels  per  acre,  while  sometimes  notnaore  than 
2  to  5  bushels  are  secured,  though  25  bushels  per  acre  is  not  uncommon. 
The  amount  gathered  depends  latgely  upon  the  amount  of  pasdiuring 
permitted.  Cattle  are  allowed  to  grase  freely  (PI.  U,  fig.  1)  in  thepas- 
tures  from  which  seed  is  to  be  taken,  because  so  long  as  they  can  eat 
the  fresh  leaves  they  avoid  the  flowers  aod  seeds,  although  it  is  now 
generally  recognized  by  the  best  growers  that  it  is  not  profitable  to 
pasture  witiiin  about  two  weeks  of  the  time  of  stripping.  Horses, 
however,  will  eat  the  panicles  in  all  stages  and  can  not  be  permitted  in 
a  pasture  when  a  crop  of  seed  is  wanted.  '  It  is  well  known  in  Ken- 
tucky that  a  "  horse  countiy  "  is  not  a  good  "  seed  country,"  while  a 
"  cattle  country- "  produces  good  crops  of  seed  as  well  as  pastur^e. 
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The  total  crop  in  Kentucky  is  variously  estimated  at  from  300,000 
to  600,000  biubels  of  rough  seed,  of  which  about  60  per  cent  is 
"fancy  grade,"  the  balance  being  "extra  clean"  or  waste.  The  crop 
west  of  the  Mississippi  is  much  timaller,  probably  not  over  25,000  or 
30,000  bushels  of  "fancj  ;"  but  no  reliable  data  are  available  for  an 
estimate. 

HABTBSTZNO. 


Kentucky  bluegrass  blooms  in  the  latter  part  of  May  and  }^e  seed 
ripens  during  the  second  and  third  weekii  In  June.  The  average  time 
for  harvesting  is  about  June  10  to  15.  If  the  weather  is  favorable, 
the  time  for  gathering  the  seed  may  be  ten  to  twelve  daj's,  but  usually 
the  height  of  the  season  does  not  last  more  than  five  da^  s.  Stripping 
usually  begins  when  the  panicle  is  yellow  and  the  culm  still  green. 
All  the  glume:^  should  be  yellow,  except,  possibly,  a  little  green  near 
the  base  of  the  youngest  At  this  time  the  grain  is  hard,  or  at  least 
firm,  and  the  after- ripening  will  enable  it  to  reach  full  maturity.  As 
the  number  of  machines  {PI.  I)  needed  by  those  growers  who  harvest 
two  or  three  thousand  at^es,  or  even  several  hundred  aiTes  of  seed, 
is  large,  and  as  the  season  is  very  short,  it  is  not  possible  to  wait  until 
the  fields  are  in  the  ideal  condition  before  beginning  the  harvest.  If 
this  were  done,  some  fields  would  become  overripe  and  much  of  the 
good  seed  would  be  lost  by  shattering.  When  the  seed  is  dead  ripe,  it 
becomes  loosened  from  the  spikelet  and  is  often  held  by  the  web  alonc- 
In  this  condition  it  is  readily  beaten  out  by  a  severe  wind  or  rain 
storm. 

HAKVE.<TING   OREEM    SEED. 

The  scarcity  of  machines,  tpken  together  with  the  competition 
among  the  buyers  of  uncured  seed  has  encouraged  the  growers  to  begin 
stripping  before  the  seed  is  sufficiently  matured.  Some  bluegrass 
growers  go  to  the  extreme  of  harvesting  the  seed  while  the  entire 
panicle  is  still  green  and  the  grain  in  the  milk.  By  this  means  a  greater 
weight  is  secured,  and  since  all  bluegrass  seed  is  bought  at  the  rate 
of  14  pounds  per  bushel,  a  greater  number  of  bushels  of  uncured  seed 
can  be  harvested  at  this  time  from  a  given  area  than  if  the  seed  is 
allowed  to  ripen.  When  such  seed  is  cured  by  the  producers  this  extra 
weight  is,  of  course,  lost;  but  some  who  sell  directly  from  the  strippers 
consider  nothing  but  their  immediate  gain.  Such  seed  heats  more  while 
curing  than  rip<ir  seed,  does  not  after-ripen  well,  and  is  finally  of  poor 
quality,  if  not  actually  worthless.  The  temptation  to  strip  seed  too 
green  is  inerensed  by  the  fact  that  most  buyers  make  no  distinction  in 
price  between  difi'erent  qualities  of  rough  seed.  Some  of  the  larger 
buyers  do,  however,  refuse  to  accept  seed  harvested  too  green  and 
sometimes  pay  less  for  the  crop  of  a  farmer  whom  they  know  to  be 
careless  about  curing. 
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Fig.  1.— Stripping  Blueghass  Seed  by  Hand. 


FKJ.  2.-STIRBIN0   BLUEGflASS  SEED  WMH.E  CUBING  OUTDOORS. 
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APPLIANCES    FOR    STRIPPING. 


METHODS — KINDS   OF   8TRIPPEB8. 


The  bluegrasB  aeed  is  harvested  both  by  hand  and  by  horsepower 
machine!!.     When  Kentucky  bluegraas  seed  nay  first  collected,  it  was 
stripped  off  by  hand  and  rubbed  through  sieves  to  clean  it.     At  this 
time  there  was  scarcely  any  demand  for  the  seed,  and  the  amount 
saved  was  consequently   very   small.     The 
first  improvement  was  what  is  known  aa  the 
band  stripper  {fig,   2),  which  soon  became 
generally  used.     This  stripper  consists  of  a 
comb  made  of  long,  flat  teeth  set  close  to- 
gethei'  on  the  front  edge  of  a  small  scoop- 
like box.     The  stripper  is  held  in  one  band 
and  swung  through  the  bluegrass  (Pi.  Ill, 
fig.  1)  and  with  a  dexterous  twist  is  brought 
up  again  so  that  the  seed  stripped  off  falls 
to  the  rear  part  of   the  scoop.     It  is  still 
used  by  colored  men,  women,  and  children 
to  gather  seed  along  the  roadsides,  in  waste 
places,  and  in  fields  whose  owners  do  not 
themselves  intend  to  harvest  the  seed.     The 

seed   gathered   by  hand  is  brought  to  the  '*'*'' 

buyers  in  lota  of  1  bushel  or  more  and  was  formerly  the  best  in  the 
market,  but  since  the  industry  has  been  moi-e  fully  developed  the  horse 
machines  gather  all  of  the  best  of  the  crop  and  leave  little  of  good 
quality  to  be  gathered  by  hand. 

The  horsepower  machines  are  of  three  kinds.  The  oldest  and  most 
commonly  used  is  the  comb  stripper  (PI.  IV,  fig.  1), 
which  consists  of  a  platform  hung  on  wheels  and  armed 
in  front  with  a  heavy  steel  comb,  similar  to  that  used 
in  the  hand  stripper.  The  upper  surface  of  this  comb 
is  smooth,  and  when  harvesting  a  laborer  kneels  on  the 
platform  and  cuts  off  the  panicles  as  they  are  caught 
by  the  comb.  For  this  he  uses  a  broad,  flat  knife 
(fig.  3),  which  is  passed  back  and  forth  over  the  comb. 
The  stripper,  which  takes  a  breadth  of  between  5  and  6 
feet,  is  drawn  by  one  mule  and  has  arrangements  for 
raising  and  lowering  the  platfoiin  so  as  to  accommo- 
1 1  date  it  to  the  height  of  the  grass.     Since  the  culms  are 

^^  not  usuallv  of  uniform  height,  much  seed  is  lost,  even 

Flo.  3.-Kni(e  used         .__,     ^,        t      ^  *        ,„,  ., 

with  comb  nrip-  With  the  best  management.     W  here  there   are  many 
P*'-  weeds,  or  when  timothy  is  abundant,  these  strippers 

can  not  be  used  to  advantage.  When  the  platform,  which  has  raised 
sidesandback,  is  full,  the  seed,  mixed  with  the  grass,  weeds,  and  sticks, 
is  put  into  large  burlap  sacks  to  be  later  hauled  to  the  barn  or  grounds 
where  the  seed  is  to  bo  cured.     As  the  seed  comes  from  the  stripper 
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only  35  to  +5  par  cent  will  make  fane}'  dean  seed.  Part  of  this  toas 
is  at^t^ounted  for  by  the  loss  of  water  in  curing;  and  part  by  tbe  cb»B 
and  straw  taken  out  by  the  cleaners. 

An  improved  form  of  the  comb  stripper  (PI.  IV,  fig.  2)  has  been 
designed,  but  only  six  of  them  have  ever  Ijeeii  built.  This  has  an 
automatic  knife  foi'  cutting  off  the  head»  as  they  are  caught  by  the 
comb  and  an  elevator  which  carries  the  rough  seed  away  from  the 
comb  and  drops  it  into  a  sack  fastened  at  one  side  of  the  machine. 
When  this  sack  is  full  the  operator  takes  it  off  and  leaves  it  in  the 
field  to  be  gathered  up  by  the  wagons  that  follow.  The  use  of  this 
machine  makes  a  gi-eat  saving  of  time,  as  thei-e  is  no  delay  required 
to  empty,  and  one  man  and  one  mule  can  operate  it.  It  will  doubtlesd 
admit  of  some  mechanical  improvement,  but  seems  to  work  well  and 
economioAlly. 

The  rotary  cylinder  form  of  machine  {PI.  V,  fig.  1)  is  of  more 
recent  introduction,  and  is  built  on  very  different  lines  from  the  comb 
stripper.  It  consists  of  a  wooden  cylinder  which  is  studded  with  large 
iron  nails  set  in  spirals,  and  Which  is  hung  in  front  of  a  platform  upon 
which  the  .seed  is  thrown.  When  in  use  the  cylinder  revolves  rap- 
idly, and  the  panicles  of  the  bluegrass  are  struck  by  the  nails,  the 
seed,  together  with  some  straw  and  weeds,  being  thrown  back  into 
the  receiving  box.  When  the  box  is  full  the  seed  is  put  into  sacks 
and  hauled  to  the  barns  or  curing  grounds.  With  this  form  of 
machine  it  is  possible  to  collect  seed  on  sandy  land  where  the  grass 
would  be  pulled  up  by  the  root»  with  a  comb  stripper.  Two  mules 
and  one  man  are  required  to  operate  it. 

AH  of  the  styles  are  in  use  in  Kentucky,  but  the  old  comb  stripper 
is  the  only  one  at  all  common. 

ctmnro. 

Forty  years  and  more  ago,  when  only  small  quantities  of  blu^rass 
seed  were  collected,  careful  gatherers  placed  the  piles  of  rough  seed 
on  large  canvas  sheets  for  one  or  two  days  durmg  fair  weather  and 
finished  th:;  curing  in  the  barns.  This  method  is  not  practicable  at 
present  on  account  of  the  large  quantity  of  seed  harvested. 

PRESENT   METHODS. 

There  are  two  general  methods  of  curing  now  employed;  One  may 
be  called  the  indoor  method  (PI.  V,  fig.  2,  PI.  VI,  fig.  1)  and  the  other 
the  outdoor  method  (PI.  Ill,  fig.  2,  PI.  VI,  fig.  2).  In  either  case  the 
seed,  mixed  as  it  is  with  grass  and  weeds,  is  piled  in  ricks  or  windrows. 
These  are  preferably  as  low  and  narrow  as  possible  and  of  any  con- 
venient length.  When  the  curing  is  done  in  a  building  the  length  of 
the  rick  is  limited  by  the  size  of  the  building,  and  consequently  when 
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Fig.  1.— Comb  Stripper,  c 


Fig.  2— Comb  Stripper  » 
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Fig.  1.— Rotary  Cvunoer  Stripper, 


Fio,  2.— Curing  BLyEGR»ss  Seed  iu  open  Shed. 
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HEATING    IN    THE   KICKS.  18 

large  quantities  of  ^^ed  arn  to  be  cured,  the  ricka  are  iiiade  4  or  5  feet 
higli  by  about  5  feet  broad  at  the  bottom.  In  the  fields  the  I'icke  are 
frequently  as  large  and  are  from  60  to  200  or  more  feet  long. 

To  <ture  in  the  field  a  cipaee  is  first  mowed  close,  and  is  sometimes 
scraped,  leaving  a  smooth,  hard-packed  clay  surface.  The  seed  is  then 
ricked  up  on  the  dirt  or  on  the  short  grass  stubble,  much  of  the  coarse 
stuff,  such  as  weeds  and  timothy,  being  shaken  out  and  i-emoved  at  this 
time.  Some  cure  their  seed  out  of  doors  for  the  first  three  or  four 
days,  during  which  time,  if  the  weather  is  favorable,  the  seed  becomes 
nearly  dry.  It  is  then  taken  to  barns  to  finish  curing,  when  it  can  be 
piled  in  larger  ricks  than  would  be  safe  with  fresh  seed.  The  curing 
of  the  entire  crop  is  usually  completed  at  about  the  same  time,  as  the 
greener  seed  collected  first  takes  a  much  longer  time  than  that  which 
is  allowed  to  fully  mature  before  stripping. 

Until  the  last  few  years  the  curing  was  all  done  by  the  persons  who 
stripped  their  own  seed,  and  consequently  in  small  lots.  Recently 
it  had  become  more  and  more  the  custom  to  sell  the  rough  seed  as  soon 
as  it  is  stripped  to  dealei's  who  either  have  cleaners  of  their  own  or 
who  cure  it  in  large  quantities  and  then  resell  before  it  is  cleaned. 
This  system  has  necessitated  the  handling  of  very  large  bulks  of  seed 
in  one  place — often  more  than  there  is  room  for  or  than  can  be  suf- 
ficiently stirred  with  the  available  help.  This  is  especially  true  when 
it  is  cured  in  buildings. 

TURNING    THE    B1CK8. 

After  the  seed  has  been  piled  up  it  is  of  the  utmost  importance  that 
it  should  be  stirred  often  to  prevent  heating.  For  this  a  foi-ce  of 
workmen  is  kept  busy  turning  the  seed  over  with  forks  and  shaking 
out  the  straw,  so  that  the  air  may  get  to  every  i>art.  Every  rick 
should  be  turned  at  least  three  times  daily  for  the  fii-st  four  or  five 
davs. 


When  the  seed  is  taken  from  the  stripper  and  put  into  sacks  it  is 
fresh,  moist,  and  mixed  with  more  or  less  green  .stuff.  The  closely 
packed  mass  heats  and,  if  left  for  even  a  short  time  before  emptying, 
the  seed  becomes  decidedly  warm  to  the  touch.  When  this  warm 
mass  is  then  piled  into  ricks  and  left  for  several  hours  the  tempera- 
ture rises  rapidly,  and,  unless  the  seed  is  frequently  stirred,  soon 
reaches  a  point  at  which  the  vitality  is  greatly  damaged.  NatURiily 
the  temperature  ri.ses  most  rapidly  and  reaches  the  highest  points  in 
the  center  of  large  ricks,  and  when  for  any  I'eason  these  are  not  turned 
often  enough,  the  seed  liecomes  "funked"  or  fired  and  assumes  a 
graj',  dusty  apix-iirnnce  with  a  musty  smell,  the  vitalitj'  of  the  seed 
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being  damaged  or  entirely  destroyed  in  proportion  to  the  tunoant  of 
beating  allowed.  Wben  cleaned  such  seed  is  very  dark-colored  and 
always  retains  some  of  ifa  luuetiness. 

REI^TIVE    MERFTS  OF   INDOOR  AND  OUTDOOR   CURINO. 

Whether  indoor  or  outdoor  curing  is  best  depends  mainly  upon  the 
weather  at  the  time  of  curing,  and,  also,  stHoewhat  upon  tiie  floor 
apace  available  for  indoor  work.  The  seed  will  unquestionably  cure 
much  quicker  wben  put  outdoors  and  exposed  to  the  free  circulation 
of  air  and  the  direct  rays  of  the  sun  than  wben  put  in  buildings  in  the 
shade.  This  is  only  the  case,  however,  when  the  weather  is  clear,  for 
whenever  it  rains  the  seed  outdoors  can  not  be  stirred  on  account  of 
the  wet  ground  and  the  layer  of  wet  seed  on  the  outside,  and  in  the 
meantime  the  center  of  the  rick  begins  to  ferment  and  heats  very 
rapidly.  The  injury  does  not  come  from  the  rain  itself,  but  from  the 
heating,  as  seed  U  seldom  if  ever  found  wet  more  than  one-half  inch 
deep,  even  after  a  hard  rain.  When  the  curing  takes  place  under 
cover,  the  weed  can  be  stirred  constantly  without  reference  to  the 
weather,  and  although  the  pi-ocess  is  slower  it  can  be  kept  in  good 
condition  and  free  from  injury  by  heating.  The  indoor  curing  ia  at 
all  times  wafer  if  there  is  floor  space  enough,  but  it  requires  more 
labor  and  takes  longer.  Those  curing  indoors  are,  however,  inde- 
pendent of  the  weather  and  can  stir  the  seed  whenever  necessary.  The 
gi-eatest  danger  in  connt'ction  with  indoor  curing  is  that,  owing  to 
restricted  floor  space,  the  ricks  will  be  made  so  large  (PI.  VI,  fig.  1)  as 
to  develop  a  high  temperature  before  they  can  be  turned. 

Both  systems  have  as  advocates  equally  successful  and  careful  han- 
dlers, and  under  each  good  seed  is  made,  the  quality  depending  more 
on  the  conscientious  care  given  by  the  ourer  than  upon  the  method 
employed. 

In  fair  weather  seed  may  be  cured  outdoors  in  a  week  or  ten  days, 
while  two  or  three  weeks  are  required  for  indoor  curing. 

CLBANINa. 

Thft  present  development  of  the  bluegrass-seed  trade  has  been  ren- 
dered possible  by  means  of  improved  cleaning  machinery.  Beforethe 
civil  war  all  bluegrass  seed  was  cleaned  by  hand,  n^roes  rubbing  it 
through  wire  screens,  their  hands  being  protected  by  old  boot  legs.  In 
the  early  years  of  the  century  lime  and  sand  were  used  to  assist  in 
cleaning  the  seed;  thus,  Nicholson,  in  the  Farmer^s  Assistant,  pub- 
lished in  181i,  says  of  Poa  pratensh:  "  It  yields  plenty  of  seed,  but 
this  is  difficult  to  sow  on  account  of  the  filaments  causing  them  to 
adhere  to  one  another.  To  remedy  this  it  is  recommended  to  put  them 
in  newly  slaked  lime  to  separate  them  and  then  to  be  rubbed  in  dry 
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Fig.  2.-CURINQ  Blueorass  Seed  in  Ricks  Out  doors— 50,000  Bushels  on  One  Curino  Ground. 
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To-day  the  aeed  is  cleaned  with  powerful  machiDerj,  so  that  hun- 
dreds of  bushels  of  "fancy"  can  be  turned  out  in  a  day.  The  rough 
seed  is  first  run  onto  a  cylinder  which  is  armed  with  steel  teeth  and 
which  revolves  in  a  jacket  of  heavy  wire  mesh.  The  grass  is  rubbed 
between  the  mesh  and  the  cylinder  and  the  seed  rubbed  out  It  is 
then  sifted  and  ran  through  a  bran  polisher,  or  some  similar  machine, 
to  loosen  the  wool,  after  which  it  is  finally  cleaned  through  one  of  the 
modern  seed-cleaning  machioes,  which  blows  out  the  wool,  dust,  and 
light  seed,  leaving  the  "  fancy  "  grade  of  any  desired  weight  per  bushel. 
The  seed  demanded  by  the  export  trade  must  weigh  at  least  22  pounds 
to  the  measured  bushel. 

X7FB0T  OV  OtntlKQ  OK  THB  VITAIiITT  07  TUB  SEED. 

During  the  past  summer  a  careful  study  was  made  of  the  tempera- 
tures in  the  piles  of  curing  bluegrass  seed.  A  stay  of  about  four  weeks 
in  the  bluegi-ass  region  of  Kentucky  during  the  harvesting  season, 
with  daily  visits  to  the  principal  curing  grounds,  made  it  possible  to 
collect  a  series  of  samples  taken  under  known  conditions  as  to  the  time 
of  harvesting,  length  of  time  the  seed  had  lain  in  ricks  without  turn- 
ing, and  temperature  of  the  seed  when  the  sample  was  taken.  These 
samples  were  dried  as  soon  as  drawn  and  sent  to  the  seed  laboratory, 
where  they  were  cleaned  by  hand  and  the  cleaned  seed  tested  for  ger- 
mination. The  conditions  from  the  time  the  samples  were  drawn  to 
the  completion  of  the  germination  test  were  the  same  for  all  samples. 
The  results  of  the  germination  tests  are  shown  in  the  tables  following. 

About  70  samples  of  seed  were  collected,  part  of  them  being  average 
samples  taken  from  large  lots  of  seed  that  were  being  cured  under 
the  ordinary  conditions,  but  at  different  stages  during  the  process, 
while  others  were  taken  to  ascertain  the  actual  time  and  temperature 
of  fermentation.  In  order  to  do  this  a  quantity  of  seed  was  repeatedly 
placed  in  a  rick  on  the  ground  as  soon  as  brought  in  from  the  strippers 
and  not  stirred  for  several  days.  Thermometer "  bulbs  were  placed  in 
the  piles  when  the  seed  was  put  on  the  ground,  and  samples  were  taken 
at  frequent  intervals  from  these  piles,  the  temperature  of  the  mass 
being  determined  at  the  same  time. 

QERHINATION   TESTS. 

The  following  tables  show  the  results  of  the  germination  tests  of 
the  samples  mentioned  above. 

■The  temperatures  of  the  piles  of  fermenting  seed  were  taken  with  electrical  thei^ 
mometere  of  the  pattern  used  in  the  Bureau  of  Soils  and  described  in  Bulletin  No.  15, 
Divitdon  of  Soils,  TJ.  S.  Department  of  Agriculture.  These  instrumenta  allowed  the 
iwdlngs  to  be  made  aa  often  sa  desired  without  removing  the  bulbs  or  in  any  way 
disturbing  the  temperature. 
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Tablb  No.  1. — Stfd  rtripprdJuM  £0;  put  in  tick  on  ground  Jung  £0,  S  p.  i 

June  11, 10  a. 
June  21. 10  a. 


Temperature,      d„.  ..<  j.-i,        l^rpenugf  ol 


InsMe 

140 

J 

Its 

liwlrtB 

Table  No.  1  shows  the  result  of  tests  of  samplea  taken  from  aeed 
whit:h  waa  stripped  on  June  20  and  put  in  a  rick  on  the  ground  that 
afternoon  about  6  o'clock.  The  next  morning  at  10  o'clock,  after  the 
seed  had  been  in  the  rick  for  only  sixteen  hours,  it  had  reached  a 
temperature  of  over  140^  F.,  and  the  sample  taken  at  that  time  from 
the  inside  of  the  pile  failed  to  germinate,  while  another  sample  taken 
at  the  same  time  from  the  outside  of  the  rick  gave  a  germination  of 
79  per  cent.  As  theseed  was  practically  killed  at  the  end  of  the  first 
sixteen  hours,  the  samples  taken  later  failed  to  germinate  at  all,  or 
gave  such  a  low  percentage  that  they  showed  the  seed  to  be  of  no  value. 

Table  So.  2. — Seed  ^ripjied  June  19;  jnit  in  rid  i»i  ground  Junr  19,  .5  p.  m. 


130  InUde . . 

131  liulde.. 


Table  No.  '2  shows  the  result  with  samples  taken  from  seed  stripped 
on  June  19  and  put  in  a  rick  on  the  ground  that  afternoon.  The  next 
morning,  after  about  seventeen  hours,  the  temperature  was  130'  P., 
and  a  sample  taken  from  the  inside  of  the  rick  germinated  75.5  per 
cent,  white  that  taken  from  the  top  of  the  rick  at  the  same  time  germi- 
nated 92.5  per  cent.  The  temperature  in  this  case  did  not  run  upas 
fast  as  in  the  case  of  the  rick  shown  in  Table  No.  1,  but  the  sample 
taken  after  twenty-five  hours  germinated  only  1  per  cent.  After 
sixty  hours  the  sample  taken  fi-om  the  top  of  the  rick  germinated 
only  77  per  cent,  having  fallen  off  about  15  per  cent  in  two  days  from 
the  effect  of  the  beating,  although  on  the  outside  of  the  rick. 


dbyGoogIc 


OBBMIKATIOM   TK8T8.  17 

Tablb  No.  3. — Seed  tlrij^ied  Jvnt  IS;  put  iii  rick  on  ground  Juiu  IS,  S  p.  m. 


•■;-■■ 

una  11,10  ».m 

104 

14S     I  Inside  . . 
Inride.. 


le  Ihe  last  wmple  wu  taken. 

Table  No.  3  shows  the  germination  of  aamples  taken  from  seed 
stripped  on  June  18  and  put  in  a  rick  on  the  ground  that  afternoon 
at  6  o'clock.  The  next  afternoon,  after  twenty  hours,  the  tempera- 
ture was  148°  F.,  and  the  sample  taken  then  germinated  only  3  per 
cent,  while  that  taken  from  the  top  of  the  rick  at  the  same  time 
germinated  .91  per  cent. 


Tabi^  No.  *.—Sfed  Aripprd  /«ne  18;  pui 

n  muJc  on  ground  Jutu-  18, 

10  .1.  m. 

Sunple. 

When  (aken. 

Tem^penttnre.     f^^^^_ 

Perc«Dtueor 

""'l-^"* 

June  23    S  n  m 

136' do 

IBO  1 do 

Table  No.  4  shows  the  germination  of  samples  taken  from  a  single 
lO'bushel  sack  of  seed  stripped  on  June  18  and  laid  on  the  ground 
outdoors.     As  there  was  a  smaller  bulk  than  in  the  ricks  the  temper-  - 
ature  did  nob  run  so  high,  but  the  vitality  of  the  seed  was  steadily 
reduced  and  at  the  end  of  four  days  was  practically  destroyed. 

18269— No.  19—02 2 
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Tabi3  No.  6. — Average  tampU»/rom  bait  M*. 


aunple  No. 

-IrtJ^. 

samp?^. 

Wbere  cured. 

-fT" 

B June    K 

June 
June 

2fi 

In  b«ii  (not  Mined) 

. 

12 

do... 

Jane 
June 

....do 

June 
June 

June 
June 
...-do 
June 

_ 

28 

June    20 

27 

U 

June    11 

June    19 

1  June    18 

OnKTound 

77 

....do 

....do 

..To 

06 

i^"-" 

On  mound 

Table  No.  5  showi:^  the  germination  of  21  avera^  samplee  taken  from 
lai^e  lots  of  seed  which  were  being  cured  in  the  ordinary  way.  Of 
these,  6  germinate  25  per  cent  or  less  and  are  worthless  as  commercial 
samples,  while  i>  germinate  over  75  per  cent  and  would  be  graded  as 
Urst-class  seed.  The  other  6  samples,  germinating  from  35  per  cent 
to  69  per  cent,  would  be  considered  poor  to  fair. 

StTHMART   OP   RESULTS. 

These  tests  show  that  onl}'  half,  or  less  than  half,  of  the  seed  is  cured 
in  a  way  which  makes  it  first  quality  and  sufficiently  good  to  be  sold 
in  the  European  market,  where  a  large  part  of  the  best  seed  is  sent 
Radical  changes  should  be  made  in  the  methods  of  curing.  It  is  abso- 
lutely necessary  that  the  seed  should  not  be  left  twelve  to  sixteen  hours 
without  stirring,  as  the  beating  from  fermentation  will  destroy  the 
vitality  of  the  seed  in  that  time.  When  the  curing  takes  place  out- 
doors, with  the  possibility  of  not  being  able  to  stir  the  seed  during  a 
rain,  the  ricks  should  not  be  over  16  to  18  inches  high  nor  more  than 
12  inches  wide  at  the  bottom.  If  they  are  made  as  small  as  this,  the 
air  will  have  a  chance  to  circulate  through  them  and  prevent  excessive 
heating. 

The  tests  also  show  that  this  seed  naturally  has  good  vitality  and 
that  there  is  no  reason  why  Kentucky  bluegrass  seed  should  not  rank 
as  high  in  respect  to  quality  as  clover  or  timothy  seed. 
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abthtcial  cusiNa. 

An  attempt  was  made  to  try  the  practicability  of  curing  the  rough 
seed  by  means  of  a  commereial  grain  dryer,  or  a  modification  of  it. 
A  quantity  of  nasi  was  sent  to  Chicago  and  dried  very  quickly  and 
economically,  but  it  had  heated  in  transit,  so  that  the  samples  taken 
when  it  reached  Chicago  failed  to  germinate.  There  would  be  no  pos- 
sibility of  injury  to  the  vitality  of  the  seed  If  the  drying  was  done  at  a 
low  temperature  and  with  a  large  blast  of  air.  If  the  seed  was  only 
partly  dried  in  some  such  manner  it  could  then  be  bandied  with  very 
little  danger  of  heating,  as  the  most  severe  fermentation  takes  place 
immediately  after  stripping,  while  all  the  water  is  in  the  seed  and  straw,  i 
A  plant  to  thoroughly  test  this  method  of  curing  should  be  established 
the  coming  season,  as  its  successful  operation  and  adoption  would  mean 
a  great  saving  in  labor,  as  well  as  a  great  improvement  in  the  quality 
of  Kentucky  bluegrass  seed. 

OONCLUSIONS. 

1.  Green  seed  of  Kentucky  bluegrass  when  put  in  ricks  will  ferment 
and  I'each  a  temperature  of  130°  to  140'-'  F.  in  less  than  sixteen  hours. 

2.  A  temperature  of  130°  to  140°  F.  for  sixteen  hours  or  less  will 
greatly  dam^e  if  not  entirely  destroy  the  vitality  of  the  seed. 

3.  Under  the  present  methods  of  handling  green  seed  it  must  be 
stirred  at  short  inten'als. 

4.  The  seed  must  not  be  stripped  till  mature,  as  it  is  much  harder 
to  prevent  fermentation  in  the  immstui'e  seed. 

5.  Seed  should  always  be  put  in  small  ricks,  not  over  18  inches  high. 

6.  Seed  can  be  cured  to  better  advantage  under  cover  in  bad  weather 
and  outdoors  in  clear  weather. 

7.  A  plant  for  thoroughly  testing  artificial  curing  should  be  estab- 
lished at  once. 
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BITLLETINS  07  THE  BUIIEA17  OF  PIiAlTT  INItUSIBT. 
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LETFER  OF  TRANSMITTAl,. 


U.  S.  Departmext  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Mm/u'vfft'm,  D.  C,  February  8^  1902. 
Sir:  I  have  the  honor  to  transmit  bei-ewith  a  paper  od  the  nianufae- 
ture  of  semolina  and  macaroni,  and  respectfully  recommend  that  it 
be  published  as  Bulletin  Ho.  30  of  the  Bureau  series.    The  report  was 
prepared  by  Hon.  Robert  P.  Skinner,  Consul  General  at  Marseille, 
France,  and  was  submitted  by  the  Pathologist  and  Physiologist. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilsox, 

Si'Ci'etavy  of  Agriculture. 
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PREFACE. 


For  several  years  past  investigations  of  macaroni  wheats  hare  been 
carried  on  under  the  auspices  of  this  Office  for  the  purpose  of  pro- 
moting the  wheat  industry  in  this  country,  the  work  being  in  charge 
of  the  cerealist,  Mr.  Mark  Alfred  Carleton.  A  lai^  amount  of  seed 
of  the  best  quality  has  been  imported  from  Russia,  Algeria,  and 
Argentina,  and  many  of  the  varieties  have  been  found  to  be  admirably 
adapted  for  cultivation  in  our  Great  Plains  region.  FaiToers  have 
become  much  interested  in  the  subject  and  the  acreage  planted  to  maca- 
roni wheats  is  increasing  each  year  with  remarkable  rapidity.  As 
the  use  of  the  true  durum  wheats  for  macaroni  is  entirely  new  in  this 
country,  there  is  a  great  desire  on  the  part  of  millers  and  macaroni 
manufacturers  to  understand  more  concerning  the  process  of  grinding 
these  wheats  into  semolina  and  of  making  from  this  the  various  forma 
of  macaroni. 

The  lat^fest  semolina  factories  are  in  France  and  Italy,  where  the 
greatest  amount  of  good  macaroni  is  produced.  We  are  indebted  to 
our  consuls,  Mr.  Robert  P.  Skinner,  Marseille,  France,  author  of  this 
report,  and  Mr.  John  C.  Covert,  Lyon,  France,  for  much  valuable 
information  on  the  subject,  and  considerable  of  this  has  been  published 
in  Bulletin  No.  3  of  the  Bureau— Macaroni  Wheats. 

The  present  report  is  of  interest  to  the  farmers  in  regions  where 
the  macaroni  wheats  can  be  grown,  and  of  special  interest  to  the  millers 
and  manufacturers  in  thi;^  country,  and  Mr.  Skinner  suggests  that 
more  attention  be  given  to  the  export  of  semolina,  as  well  as  macaroni 
wheat 

Albert  F.  Woods, 
Patlu/logist  and  Physiologist. 

Office  of  the  Pathologist  and  Physiologist, 

Waahinyton,  D.  6'.,  F^'vary  7, 1902, 
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nfmoDTTonoN. 

A   NEGLECTED   01*P()KTUNITr, 

The  Secretary  of  Agi-iculture  has  ob.sei"ved  that  an  increase  of  1 
bushel  per  acre  in  the  average  yield  of  American  wheat  would  add 
enormously  to  the  wealth  of  our  country.  He  might  have  added,  with 
equal  truth,  that  the  advantage  of  this  increased  production  would  be 
minimized  unless  remunerative  markets  could  be  found  for  the  increas- 
ing aurplus,  and  as  it  is  the  peculiar  field  of  the  Department  of  Agri- 
culture to  increase  crops,  ao  it  is  the  especial  duty  of  the  consular 
service  to  seek  for  new  markets.  There  is  a  market  in  Marseille  that 
has  grown  from  nothing  within  the  last  thirty  years  and  is  increasing 
by  leaps  and  bounds,  not  only  in  this  city,  but  throughout  all  Europe, 
its  present  daily  requirements  being  34,000  bushels  of  wheat.  The 
ebb  and  flow  of  this  market  within  recent  years  has  been  controlled 
by  crops  and  not  by  the  consuming  public.  The  cry  of  this  trade  ia 
for  raw  material,  and,  according  to  the  last  available  expression  of 
the  Marseille  Chamber  of  Commerce,  the  raanufacturei-s  of  this  city, 
deprived  of  a  sufficient  quantity  of  hard  wheats  from  Russia,  have 
been  obliged  to  employ  the  "metadin^"  wheats  of  interior  France, 
which^  owing  to  their  inferiority,  "have  affected  the  quality  of  the 
edible  pastes,  the  consumption  of  which  has  therefore  been  dimin- 
ished." The  raw  material  for  this  industry  consists  of  hard  or  durum 
wheat,  which  is  ground  into  semolina  and  then  manufactured  into 
macaroni,  the  latter  word  being  here  used  as  a  generic  term.  The 
business  baa  developed  in  the  colonies  of  Algeria  and  Tunis  a  great 
wheat-growing  industry.  After  satisfying  domestic  demands,  the 
manufacturers  of  Marseille  have  exported  a  surplus  amounting,  in 
1900,  to  81,403,266  pounds  of  semolina  and  10,811,356  pounds  of 
manufactured  macaroni. 

Although  one  of  the  greatest  wheat-growing  nations  of  the  world, 
France  is  prevented,  because  of  its  soil  and  climate,  from  producing 
the  grain  essential  to  the  life  of  this  industry;  and  the  United  States, 
the  greatest  of  all  wheat-growing  countries,  has  yet  to  send  its  first 
pound  to  this  port  for  the  purpose  above  described.     My  present 
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object  is,  therefore,  to  urge  upon  our  whpat-gi-owinjf  farmers  the 
further  8pet^^aHzation  of  their  business,  first,  as  a  iiieati^  of  engaging 
in  this  Medit^irranean  ti-ade,  and,  second,  in  order  that  we  niaj-  build 
up  in  the  (.Jnited  States  a  demand  for  the  food  products  which  we  can 
have  in  all  their  excellence  only  after  we  have  produced  a  sufficient 
supply  of  the  durum  wheat  needed. 

To  the  lay  reader  I  may  sa^'  that  the  ><o-called  "  hard  wheat "  of  the 
United  States  is  not  at  all  the  hard  wheat  of  Europe,  and  the  semoHoa 
now  ^)eing  manufactured  in  a  small  way  in  the  United  States  from  our 
native  wheats,  while  a  worthy  product,  is  not  acceptable  in  this  mar- 
ket an  a  competitor  with  the  semolina  of  first  <|uality  of  local  manufac- 
ture. Yet  thei-e  is  great  encouragement  to  further  effort  and  closer 
study  on  the  part  of  our  manufacturers  in  the  success  already  attained: 
for,  if  the  American  product  of  the  present  is  unavailable  in  France, 
the  doors  alreadj'  swing  inward  for  it  elsewhere.  In  proof  of  this 
I  have  l>een  shown  by  a  Marseille  exporter  a  letter  written  from 
Uussia,  in  which  it  is  stated  that  the  Russian  manufacturers  *'  can  not 
to-day  pay  the  price  demanded  [for  ser^olinaj  in  Marseille,  because  the 
American  granulated  flours  are  offered  cheaper;  that  is  to  say,  $4.25 
per  10*)  kilos  (2"2l>  pounds),  or  50  cents  less  than  French  quotations." 

It  is  insufficient,  however,  to  have  made  merely  a  good  beginning. 
Every  student  of  the  situation,  every  importer  of  wheat,  recognizes 
that  we  are  lacking  in  the  prime  essential  to  complete  success,  that  is, 
a  wheat  ranking  with  the  macaroni  wheats  of  Sicily,  Russia,  and 
Algeria. 

DEVBLOPMKNT  OF  THE  INDDSTRY  IK  FRANCE. 

If  the  average  pei-son  should  l)e  asked  whence  macaroni  comes, 
he  would  answer  immediately  "from  Italy."  At  one  time  this  was 
true,  and  it  arose  from  the  fact  that  the  native  wheat  of  Sicily  and  that 
southern  portion  of  Italy  known  as  La  Pouille  possessed  all  the  attri- 
butes deemed  desirable  in  the  typical  macaroni  grain.  The  industry 
had  its  birth  in  Naples,  and  the  reputation  of  the  Neapolitan  manu- 
facturers rests  to-day  mainly  upon  the  fact  that  they  had  this  wheat 
with  which  to  work.  In  the  course  of  years  the  Italians  have  neglected 
the  cultivation  of  the  grain,  many  wheat  helds  having  been  planted 
over  with  vines,  so  that  now,  commercially  speaking,  the  hard  wheat 
of  Sicily  and  La  Pouille  is  unimpoi-tant;  nevertheless,  its  quality  is 
as  highly  appreciated  to-day  as  ever,  and  modern  farming  in  Algeria 
owes  much  to  the  lessons  learned  from  Sicily.  With  the  growth  in 
their  business  and  the  decrease  in  their  supplj'  of  home-grown  grain, 
the  Italian  manufacturers  looked  elsewhere  for  their  supply  of  raw 
material,  and  they  turned  naturally  to  Marseille,  a  city  where  capital 
and  business  enterprise  abounded.  The  Marseillais,  always  great 
manufacturers  and  exportei-s  of  flour,  rapidly  grasped  the  situation. 


dbyGoogIc 


INTBODUCTION.  V 

began  to  impoi-t  durum  wheat  f  i-om  Kusijia  and  Algeria,  gi-ound  it  into 
coarse  flour— which  we  call  "  granulated  flour  "  or  "  semolina,"  or  in 
French  "semoule"  — and  sold  it  to  the  Italians.  The  exports  of  this 
product  from  Marseille  to  Italy  last  year  amounted  to  3,510,111  pounds. 

It  wad  but  a  step  from  this  istartinf;  point  to  the  manufacture  of  the 
macaroni  itself;  and  one  improvement  following  another,  and,  the  pub- 
lic demand  for  macaroni  and  other  edible  pastes  rapidly  increasing, 
they  established  large  factories  alongside  their  mills,  and  exportation 
began  to  all  parts  of  the  world,  even  to  Italy  itself.  With  the  intio- 
ductioQ  of  the  Budapest  roller  process  of  grinding  flour,  the  business 
expanded  upon  modei-n  lines;  and,  whereas  years  ^o  every  Italian 
family  made  it»  own  macaroni  and  hung  it  out  on  the  i-acks  to  drj*.  the 
manufacture  has  now  become  an  industry  of  first-rate  importance, 
requiring  capital  and  entei-prise. 

As  tbis  is  an  elementary  discussion  of  the  matter,  I  venture  to 
observe  that  our  own  homely  dish  of  "noodles"  could  be  traced  back 
to  the  Italian  macaroni.  The  difference  between  the  two  is  that  the  mac- 
aroni is  manufactured  from  coarse  hard-wheat  flour,  or  semolina,  in 
making  which  the  manufacturer  attempts  to  remove  the  outer  husk 
and  break  up  the  grains  so  as  to  secure  gi'anules  rounded  and  glazed, 
instead  of  the  impalpable  powder  of  which  ordinaiy  flour  consists. 
Macaroni  {which  I  shall  frequently  use  as  a  generic  temi  covering  all 
the  mannfactured  products  of  semolina)  is,  strictly  speaking,  appli- 
cable only  to  the  long,  hollow  tubes  of  dry  food  paste.  This  pa.ste 
consists  merely  of  semolina  and  water  kneaded  together;  and  it  is 
converted  into  hundreds  of  forms,  sometimes  inelegantly  i-eferred  to 
Id  English  as  "edible  pastes,"  or  in  French  as  "pfites  alimentaires." 

FRENCH    METADIN^,   WHEATS. 

Until  something  like  ten  years  ago,  when  the  present  French  tariff 
upon  wheat  was  imposed,  all  of  the  French  macaroni  was  manufactured 
from  semolina  made  from  hard  durum  wheat.  At  that  time  consider- 
able quantities  of  mixed  wheat,  or  metadin4,  were  grown  in  France, 
but  were  manufat^tui'ed  into  common  flour,  and  were  highly  regarded. 
During  the  last  ten  yeai"s  a  steady  increase  has  been  noted  in  the 
amount  of  this  wheat  grown  in  Fi-ance  from  durum  seed,  and  more 
and  more  of  it  has  been  used  for  the  manufacture  of  macaroni  pastes. 
It  is  recognized  that  the  semolina  manufactured  from  these  wheats  is 
inferior  to  the  standai-d  Marseille  type  of  semolina,  but  the  difference 
in  price  on  account  of  the  tariff  makes  it  advantageous  to  use  the 
domestic  wheat.  The  extension  of  the  manufacturing  business  has 
slowly  progressed  from  the  city  of  Marseille  to  a  very  considerable 
portion  of  France,  in  which  these  mixed  wheats  are  grown.  The 
Marseille  manufacturer.'^  have  l)cen  slow  to  rect^ize  that  the  growth 
of  this  branch  of  the  semolina  husmess  has  been  such  as  to  constitute 
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it  a  very  respet-tahle  competitive  force.  The  macaroni  manufacturer 
never  usea  the  metadin^  semolina  without  an  admixture  of  more  or 
less  durum  wheat  semolina,  and  the  product,  which  is  much  cheaper 
in  the  market,  is  consumed  almost  entirely  in  France.  The  product 
of  this  mixed  semolina  is  never  macaroni,  properly  speaking,  which 
can  only  be  manufactured  successfully  from  a  strictly  hard  wheat,  but 
the  metadin^  semolina  makes  a  satisfactory  macaroni  paste,  sold  in 
the  form  of  vermicelli,  escai^ots,  stars,  and  othei'  arbitrary  shapes 
used  for  soups  and  various  dishes  very  popular  in  France. 

The  Qietadin^  wheat  of  France,  peculiar  to  the  Department  of  Gard 
and  that  of  Vaucluse,  is  a  half-bard  wheat,  i-esulting  from  the  sowing 
of  a  genuine  durum  which  deteriorates.  The  wheat  produced  can 
not  be  pUnted  for  a  second  crop.  The  dui-um  requires  less  care  than 
soft  wheat  in  the  I'egions  where  it  is  grown,  and  the  ^kH  is  larger. 
This  wheat  also  resists  climatic  changes  much  more  readily  than  the 
native  French  wheat,  and  can  better  stand  a  dry  searion. 

GKOWTH  OF  THR  DEMAND  FOR  MACARONI. 

More  interesting  than  the  development  of  the  manufacture  of  semo- 
lina is  the  history  of  the  inci-ease  in  the  consumption  of  the  edible 
product. 

The  broad  lines  of  this  development  have  been  thus  described  by 
Mr.  Franfois  Scai-amelli,  one  of  the  most  important  manufacturers 
of  edible  pastes  in  the  world,  and  an  exporter  of  large  quantities  to 
the  United  States  (Plate  I,  fig.  1).     Mr.  ScaramelH  says: 

The  manufacture  of  macaroni  pa-ites  lias  doubled  in  Marseille  within  ten  ynus, 
and  the  domestic  i»nsumption  of  the  prmhiet  has  also  increased  and  coutinuea  to 
increase  enormously.  In  1866,  when  I  first  traveled  about  the  country  selling  the 
output  of  our  then  etnall  factory,  I  once  reached  the  village  of  the  Grande  Combe, 
where  I  found  that  the  only  dealer  in  macaroni  was  the  local  druggist,  who  said  that 
he  bought  25  pounds  per  annum,  which  was  sold  exclusively  for  consumption  by 
invalids.  At  the  present  time,  the  same  village  takes  25,000  pounds  of  macaroni  per 
month,  which  is  Bold  practiciilly  to  every  family  in  the  place.  It  has  become 
a  staple  article  of  diet,  replacing  to  a  large  extent  the  peasant  soups,  formerly  made 
of  bread  and  vegetables.  In  the  city  of  Mar^ieille,  the  consumption  has  tripled  in 
tw*enty-flve  years.  In  1872  there  were  ten  macaroni  factories  in  Marseille,  producing 
220  pounds  per  day  each.  There  are  now  55  local  factories,  tuminjc  out  a  total  of 
about  85,000  pounds  per  day.  The  industry  require  the  labor  of  from  400  to  500  men, 
and  from  500  lo  600  women,  according  to  the  season.  With  two  or  three  exceptioue, 
these  macaroni  factories  are  very  small  affwrs,  catering  to  a  local  demand,  but  the 
aggregate  of  their  business  is  large.  I  naturally  look  for  the  gradual  extinguishment 
of  these  smaller  concerns,  and  the  absorption  of  their  businesses  by  the  larger.  When 
the  consumption  of  edible  pastes  began  to  move  forward  with  giant  strides  the  manu- 
facture of  the  article  seemed  to  promise  large  returns  to  persons  of  limited  meani^ 
but  the  improvements  in  the  mechanical  processes  and  the  necessity  for  heavy  invest- 
ment in  order  to  keep  abreast  of  the  times  is  bound  to  force  weak  competition  from 
the  field.  I  am  speaking  of  the  manufacture  of  macaroni  exclusively.  Thet«are 
127  mills  for  grinding  grain  in  Marseille,  of  which  60  make  more  or  less  eonolina, 
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Fig.  1.— Macaroni  Factorv  of  F.  Scaramelu  Fils  at  Marseille. 


FiQ.  2— Flour  and  Semolina  Mill  of  Allatini  &  Co.  at  Salonica. 
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and  20  are  devoted  exclumvely  to  thia  trade.  It  will  thus  be  Been  that  the  industry 
is  a  very  important  one  from  every  point  ot  view. 

The  extension  of  this  business  in  Marseille  is  in  less  degree  observ- 
able throughout  the  Mediterranean  country.  Semolina  mills  have 
been  erected  or  are  in  course  of  construction  iu  all  the  important 
wheat  markets,  and  in  the  Levant,  where  the  manufacture  of  this 
artjcle  dates  from  very  recent  years,  the  increase  is  especially  note- 
worthy. Perhaps  the  largest  semolina  mill  in  the  world  (Plate  I,  fig.  2) 
is  that  owned  by  the  great  Italian  firm  of  Allatioi  &  Co.,  recently 
completed  at  Salonica,  and  having  a  consumption  of  2,000  quintals 
(1  quintal  =  220.46  pounds)  daily  of  hard  wheat.  The  reason  for  this 
rapid  extension  of  the  business  b  that  macaroni  in  its  numerous  forms 
18  a  palatable,  nutritious  article  which  satisfies  the  desire  for  food  at  a 
very  moderate  cost,  largi  '.y  replacing  meat  dishes,  which  are  steadily 
becoming  more  expensive  throughout  the  world.  There  is  no  pretense 
that  macaroni  is  a  "  health  food"  or  a  "  breakfast  dish,"  or  that  it  con- 
tains a  high  percentile  of  nutrients  or  heat  units.  It  is  simply  a  food 
which  appeases  hunger  and  satisfies  a  healthy  appetite.  The  excel- 
lence of  this  food  is  not  generally  known  throughout  the  United  States. 
The  valije  of  the  declared  exports  of  macaroni  from  Marseille  to  the 
United  States  for  the  fiscal  year  ended  June  30, 1901,  was  only  (H4,504; 
and,  while  this  was  but  a  fraction  of  the  total  amount  imported,  it  is 
reasonable  to  suppose  that  the  grand  total  was  not  large." 

With  the  exception  of  a  few  especially  well-served  markets,  the 
average  macaroni  sold  in  the  United  States  has  passed  ita  prime  before 
it  reaches  the  consumer.  Most  of  us  have  seen  a  few  brittle  lengths 
of  stale  vermicelli  or  still  staler  macaroni  exposed  for  sale  in  glass 
jars,  like  old-fashioned  stick  candy,  in  the  country  grocery  store. 
Few  of  our  housewives  have  studied  the  possibilities  of  fresh  macaroni 
as  an  article  of  diet.  In  Europe,  on  the  other  hand,  it  is  sold  when  in 
its  best  state,  and  after  passing  through  the  hands  of  a  competent 
cook  can  hold  its  own  in  a  hundred  different  forms  with  any  compet- 
ing product  which  may  be  served,  from  soup  to  dessert, 

NEED   OP  OROWING  THE   DURUM    WHEAT, 

The  recipe  for  making  a  good  dish  of  macaroni  is  like  the  famous 
rule  for  making  a  rabbit  pie,  "  First  catch  your  rabbit;"  and  the  sur- 
prising fact  in  this  connection  is  that,  at  thia  time,  the  United  States 
has  yet  to  grow  the  quality  of  wheat  essential  to  the  macaroni  indus- 
try."   Before  I  saw  the  immense  importance  of  the  macaroni  trade  as 

•The  total  import  for  the  year  ending  June  30,  11^01  was  18,186,399.83  pounds, 
valued  at  f735,239.49— M.  A.  Cable  on. 

'A  bout  one  million  bushelB  of  the  durum  wheat  will  probably  be  produced  in  1U02 — 
M.  A.  C. 
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a  tneaits  of  augmenting  our  exports  of  wheat,  and  being  confident  that 
in  grain  ve  could  supply  anything  that  the  world  might  demand,  I 
sent  reports  on  the  subject  to  the  Department  of  State,  written  in  1899, 
advising  exporters  of  the  need  of  this  market  for  a  good  hard  wheat. 
To  my  astoniahment  it  was  promptly  developed  that  we  had  no  wheat 
of  the  (juality  required,  and  that  the  so-called  hard  wheat  of  the  United 
States  contained  grains  differing  in  degree  of  hardne.«s,  which  speedily- 
clogged  the  milling  machinery',  and  wa^  entirely  unfitted  for  the  pur- 
po.-<e.  The  Department  of  Agriculture  has  since  sent  experts  to 
Europe  to  study  the  question.  I  have  no  doubt  that  their  researches 
will  add  much  more  to  the  stock  of  useful  information  than  mj'  pres- 
ent effort  to  describe  the  business  as  seen  by  a  layman,  and  as  it  is 
conducted  to-day. 

THE  MAHKET  FOB  BUUUH  WHEAT. 

WILD   G<X}SK   WHEAT. 

Befoi'e  proceeding  to  a  more  technical  account  of  this  matter,  it 
may  be  useful  to  report  the  results  of  a  number  of  interviews  with 
Mi*.  G.  p.  Bottazzo.  Mr.  Bottazzo  has  created  a  very  large  business 
for  himself  in  this  city  as  a  broker  of  semolina,  and  his  views  of  the 
possibility  of  serious  American  competition  are  entitled  to  high  respect- 
It  is  fair  to  mention  that  his  opinion  of  the  Canadian  Goose  wheat 
which  he  describes  is  not  shared  by  all  of  the  experts  in  this  city.' 
Mr.  Edmond  fiendit,  a  very  extensive  impoi-ter  of  grain,  to  whom  a 
a  sample  of  the  wheat  in  question  was  submitted,  declared  that,  while 
appearing  to  be  of  excellent  quality,  and  of  a  hardness  suf6cient  for 
the  semolina  trade,  it  could  not  be  claimed  for  it  that  it  equaled  the 
best  Russian  wheat.  Substantially  the  same  opinion  was  given  to  me 
by  the  firm  of  Allatini  &  Co.  These  arc  iiianufacturei-s  of  semo- 
lina at  Saloniea,  and  one  of  the  most  important  houses  in  Marseille. 
Both  Mr.  Allatini  and  Mr.  Fei-nandez  of  the  same  firm  coDimended  the 
appearance  of  the  wheat  and  of  the  semolina  it  produced,  but  seemed 
to  think  that  it  was  delicient  in  gluten,  and  could  not  be  relied  upoD 
to  pi-oduce  a  satisfactory  macaroni  without  the  admixture  of  a  stronger 
product.     Mr.  Bottazzo's  less  measured  statement  is  as  follows: 

Since  the  1st  ot  May,  1901,  we  have  rec«ive<l  at  Marseille  about  100,000  tons  of 
hard  Goose  wheat,  shipped  by  New  York  firing,  and  supposed  to  have  been  grown  in 
Manitoba.  I  am  eatisfied  that  it  has  been  grown  from  Russian  seed,  and  it  is  per- 
ha|>8  Ihree  or  four  crops  removed  from  Ihe  original  seed.  In  past  years,  other  Goose 
wheat  has  been  offere<l  for  sale,  but  the  quality  until  this  year  has  never  been  such 
as  to  enable  us  to  use  it  for  the  manufarture  of  semolina.  This  Gooee  wheat  of  which 
1  speak  is  as  good  as  any  ma<aroni  wheat  ever  sold  m  this  market.  It  is  all  being 
consumeii  in  the  semolina  aiills  at  Marseille,  lo  the  entire  satisfaction  of  the  pur- 

*lt  should  be  observed  that  Canadian  <io< 
to  that  grown  in  North  and  South  Dakota.- 
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chosere.  It  aelh-  at  from  !Ho5  cents  lei»  than  superior  Tt^anrog,  and  it  ou^ht  to 
command  ee  high  a  prii«,  hut  being  lees  well  known  it  has  that  disadvantage  to 
overcome.     It  contains  from  12  to  14  per  cent  of  dry  gluten. 

PROSPEOnVE    DEMAKD   iWR   AMERICAN    HARD   WHEAT   ASI>  SEMOLINA. 

ContiDuing  in  response  to  queries,  Mr.  Bottazzo  caid: 
I  am  not  interested  in  the  development  of  American  commerce,  but  I  coneiiler 
that  the  laws  of  trade  are  higher  than  thoee  of  governments;  that  businea^  should  be 
developed  imder  fircumstances  most  favorably  adapted  for  such  development,  and 
that  the  transfer  of  an  industry  from  one  point  to  another  is  generally  compensated 
for  by  some  advantage  accruing  to  the  locality  thus  temporarily  affected.  It  is  tor 
this  reaaon  that  I  believe  America  to  be  capable  not  only  of  supplying  the  hard 
wheat  requisite  for  the  macaroni  trade,  but  the  semolina  ae  well.  I  call  your  special 
attention  to  the  fail  that,  »p  to  this  time,  you  have  only  concerned  yourself  with 
the  production  of  a  hard  wheat  tor  our  market.  I  ask  that  you  go  a  step  further, 
and  convert  that  wheat  into  semolina.  You  tell  me  that  semolina  is  a  perishable 
product,  but  I  answer  you  out  of  my  cxperieniv  that  this  is  largely  a  matter  of 
assumption.  If  semolina  is  thoroughly  well  made  in  the  first  instance,  there  is  no 
question  that  it  will  stand  trausportation,  and  retain  all  of  its  good  qualities  for  any 
reasonable  length  of  time,  I  have  personally  known  semolina  properly  manufac- 
tured that  was  found  to  Ite  in  a  perfect  state  after  eighteen  months.  Our  ditficnity 
in  Marseille  is  this:  We  receive  wheats  from  all  parts  of  the  world,  varying  in 
degree  of  hardness,  differing  in  the  size  of  the  kernels,  and  in  their  component  parts. 
The  mills  themselves  are  comparatively  small.  Considerable  quantities  of  semolina 
are  manufactured  to  order  for  (Kimmissiun  houses.  Thus  the  manufacturer  is  obliged 
to  change  his  process  to  suit  rapidly  \'arying  conditions,  and  is  never  enabled  to  keep 
his  machinery  geared  to  any  average  standard  of  wheat,  and  for  that  matter  never 
acquires  an  absolute  knowledge  of  any  one  wheat,  such  as  your  millers  in  the  United 
States  are  able  to  acquire.  You  will  have  no  difficulty,  If  you  pay  proper  attention 
to  the  matter,  in  growing  macaroni  wheat  in  the  United  Stales  in  unlimited  quanti- 
ties, and,  having  done  that,  your  manufacturers  will  have  no  excuse  for  not  operating 
their  mills  year  in  and  year  out  with  the  same  kind  of  wheat,  thus  pennitting  them 
to  study  and  correct  every  defect  and  place  upon  the  market  a  semolina  equal  to  the 
best  of  which  we  now  know. 

It  is  believed  that  a  market  could  be  built  up  in  Europe  for  from  10,000  to  15,000 
bushels  of  semolina  a  day.  Let  your  manufacturers  describe  to  me  their  sj'slem,  tell 
me  whether  they  wai^h  or  do  not  wash  their  wheat,  the  time  they  devole  to  the  scour- 
ii^  process,  the  exact  interval  of  time  between  the  scouring  process  and  the  beginning 
of  the  grinding;  let  them  describe  their  means  of  purifii«tion  of  the  semolina  after 
grinding,  and  if  they  will  send  to  me  every  detail,  I  will  return  to  them  all  the  supple- 
mentary information  they  require  to  achievea  satisfactory  result  I.«t  them  send  sam- 
ples of  their  ai'tual  production.  The  semolina  now  manufactured  in  the  United  States 
and  of  which  I  have  seen  samples,  although  produced  from  comparatively  soft  wheat, 
is  yet  a  marketable  product.  I  am  satisfied  that  firms  now  in  this  business  in  a  tenta- 
tive way  conld  very  readily  equip  themselves  for  the  production  of  a  superior  grade 
of  semolina.    The  first  thing  for  us  to  have  in  Marseille  is  samples. 

EUROPEAN    METHODS   AND    PRODIKT8. 

Speaking  of  the  European  tiiacaroiti  wheats  and  .semolina,  and  the 
methods  employed  in  the  manufacture  of  the  latter,  Mr,  Bottazzo  said; 

When  different  qualities  of  wheat  are  mixed  before  the  ^nding  process  begin !>,  the 
product  is  inferior.     The  miller  has  need  of  but  one  particular  quality  of  wheat 
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to  prodnce  eemolina.  After  the  aemolina  is  manafoctnred,  a  mixture  is  BontetiniM 
effected,  in  order  to  secure  a  certain  standard.  No  hard  wheat  has  lea  gluten  than 
the  wheat  of  Salonica,  and  the  wheat  of  SalonicA  has  always  stood  at  the  head,  because 

it  is  aiwaya  handsome  when  purified.  One  of  the  principal  manufacturers  of  edible 
paateB  in  Marseille  purchases  semolina  from  each  of  the  fifteen  millers  and  the 
semolina  of  the  same  size  is  mixed  together  indifferently  for  the  manufacture  of  the 
product.  Of  course,  when  a  particularly  fine  macaroni  ie  required  for  a  special  pnr~ 
pose,  there  is  a  special  effort  made  to  procure  semolina  corresponding  to  the  h^h 
grade  of  niacaroni  required.     The  great  point  concerning  semolina  is  its  purity. 

The  territory  northwest  and  northeast  of  the  Azov  fumishes  the  tiard  wheat  moet 
appreciated  at  present,  and  containing  the  greatest  quantity  of  gluten.  Aftor  Kussia, 
and  in  order  of  importance  as  countries  growing  hard  grain,  come  Algeria  and  Tania, 
India,  and  Chile.    The  Chilean  wheat  has  a  rubbery  qiulity,  and  is  neither  rq^Ur 

It  is  posgihle  to  arrange  a  mill  for  the  manufacture  of  either  semolina  or  fiour  bf 
the  change  of  cylinders,  but  the  product  is  necessarily  inferior.  To  produce  semolina 
of  the  first  quality  the  mill  should  be  constructed  exclusively  for  that  purjHtee- 
Here  it  ia  necessary  to  wash  the  wheat,  for  the  simple  reason  (hat  it  is  very  dirty,  and 
contains  much  earth  and  other  impurities.  But  in  America  a  thorough  dry  cleaning 
would  suffice,  and  it  will  be  necessary  l«  follow  this  plan  in  order  that  the  product 
may  be  preserved.  It  is  perfectly  possible  to  dry-clean  the  wheat,  and  brush  it,  by 
employing  what  we  call  "d£sagr£-geurs."  After  passing  through  this  machine,  if  the 
process  is  well  carried  out,  the  wheat  is  absolutely  pure,  and  the  semoliua  resulting 
from  the  manufacture  of  wheat  thus  cleaned  may  be  preserved  for  a  long  time.  The 
semolina  manufactured  at  Marseilles  is  never  dried  after  manufacture,  for  the  gre«t 
reason  that  it  ia  consumed  in  this  market  promptly,  and  the  process  ia  unnecessary. 
The  pioduction  of  semolina  involves  the  production  also  of  a  certain  percentage  of  an 
inferior  flour. 

Semolina  has  been  manufactured  here  for  sixty  or  eighty  years.  The  businesa  has 
been  materially  extended  within  the  last  twenty-five  years.  Marseille  is  the  center 
of  the  industry.  The  exton«on  dates  more  particularly  from  the  introduction  of  the 
purifiers  in  mills.  At  present  the  industry  ia  extending  rapidly  throughout  Italy;  in 
France,  in  the  cities  of  Valence,  Lyon,  Montelimar,  and  Toulouse;  in  Germany  at 
Mannheim  and  Kunigsberg;  in  Russia,  in  Greece,  and  in  Tunis  and  Algiers.  We 
receive  at  Marseille  annually  100,000  barrels  of  two  hundredweight  of  semolina  from 
Constantine,  Algeria.  At  Salonica  1,000  sacks  are  made  per  day,  and  sold  very  gen- 
erally. At  Smyrna  also  there  are  mills,  which,  however,  are  very  bad,  and  the  sem- 
olina ia  used  for  the  manufacture  of  "pates  alimen,teires,"  although  a  certain  quantity 
is  also  used  in  the  manufacture  of  various  kinds  of  bread. 

SCOURINO   THE   OHAIN. 

Before  leaving  Mr.  Bottazzo's  statement,  it  sbould  be  added  that  his 
contention  in  favor  of  eliminating  the  washing  process  in  Americao 
semolina  mills  opens  a  field  of  controversy  which  only  actual  experience 
can  settle.  While  Mr.  Bottazzo  assumes  the  washing  pi-ocess  to  be 
necessary  in  Marseille  because  of  the  foreign  matter  generally  found 
in  Old  World  wheat,  and  while  I  have  found  other  practical  men  who 
charge  that  the  scouring  process  ia  to  some  extent  adopted  in  order  to 
give  the  product  additional  weight,  I  have  equally  strong  expert  opin- 
ion to  the  effect  that  the  moistening  of  the  grain  enables  the  removal 
of  the  bran  in  less  broken  particles,  while  drj'  grinding  causes  it  to 
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crack  and  enter  into  the  semolina  itself,  from  wiiich  it  can  not  be 
entirely  removed.  Mr.  Bottazzo's  statement  was  shown  to  Mr.  Jean 
BaptiBte  Lauder,  a  practical  miller,  who  said: 

Mr.  Bottazzo  is  not  entirely  correct  in  his  Bsaumption  that  s&tiaFactcry  resalta  can  be 
obtsine^lin  the  mtuiufocture  of  Bemolina  without  the  gconring  of  the  grain.  Our  expe- 
rience in  Marseille  ie  that  the  moisteDing  of  the  grain  CAUses  the  bran  to  flake  off  in 
large  particles  during  the  milling  procesa,  enabling  ua  to  eecure  not  only  a  first-clasa 
quality  of  semolina,  hnt  also  a  merchantable  quality  of  flour.  When  the  wheat  is 
dry-cleaned  the  bran,  being  more  brittle,  entere  into  the  varioue  products  the  more 
readily,  and  while  the  semolina  thus  produced  is  of  good  quality,  the  flour  Ib  of 
inferior  quality  and  very  unattractive  in  appearance.  The  proportion  of  fine  semo- 
lina obtained  by  the  dry-milling  process  is  about  the  Bame;  but  the  relative  propor- 
tion of  large  semolina,  which  is  the  most  desired,  i8from3percentto4percentleaB. 
The  practice  of  scouriag  the  wheat  is  subject  to  no  exceptions  in  ^Marseille,  and  the 
matter  of  moistening  it  is  so  important,  especially  in  its  effect  upon  the  appearance 
of  the  semolina,  that  if  the  scouring  procesa  is  insufficient  in  any  respect  the  manu- 
facturer is  sure  to  bring  reproach  upon  himself.  Absoiuteiy  the  only  dry-milling 
undertaken  ia  Marseille  is  for  the  account  of  Jewiah  clients,  who  require  the  flour 
for  the  production  of  their  unleavened  bread  once  a  year.  If  the  only  questioa  con- 
fronting the  manufacturer  was  to  preserve  his  product  for  a  considerable  length  of 
time,  doubtless  an  attempt  to  avoid  the  washing  of  the  grain  would  be  advisable. 

I  might  suggest  one  method  of  securing  the  advantages  of  both  wet  and  dry  clean- 
ing sometimes  followed  in  this  city.  If  instead  of  permitting  the  wheat  to  repose 
for  from  10  to  40  hours,  as  is  usually  the  case,  after  passing  through  the  water,  it 
should  be  carried  immediately  to  the  machinery,  the  outer  husk  only  being  damp- 
ened would  be  removable  in  large  flakes,  and  the  speed  with  which  the  operation 
would  be  carried  out  would  at  the  same  time  prevent  the  humidity  from  penetrating 
the  kernel.  I  should  be  inclined  to  recommend  this  system  in  the  United  States, 
where  the  preservation  of  the  semolina  for  a  number  of  months  would  be  important 
In  this  manner  the  bran  would  be  prevented  from  entering  into  the  flour  and 
semolina,  and,  while  the  flour  itself  might  be  perhaps  a  little  less  attractive  in 
appearance,  the  net  difierence  to  the  miller  would  be  small. 

KAHTTFAOTUILE  OF  BXKOIilNA. 

USING   WHEAT   FROU    DIFFERENT  COUNTKIEB. 

The  statistics  relating  to  the  importation  of  wheat  at  Marseille 
appear  elsewhere.  There  are  20  mills  requiring  from  7,000  to  8,000 
quintals  (1  quintal  =  220.'46  pounds)  of  raw  material  per  day.  There 
are  aLao  10  mills  which  grind  alternately  the  hard  wheat  for  the  maca- 
roni trade  and  soft  wheat  flour  for  general  purposes,  according  to  the 
market.  Mills  of  this  class  require  about  3,000  quintals  per  day. 
There  are  60  milla  in  this  city  grinding  soft  wheat  into  flour  to  the 
extent  of  from  12,000  to  15,000  quintals  per  day.  The  most  impor- 
tant flour  mill  in  this  city  requires  800  quintals  per  day  of  wheat,  and 
the  average  requirement  is  from  200  to  300.  In  addition  to  the  mills 
mentioned  there  are  5  other  milLs  which  grind  beans  into  flour,  requir- 
ing an  aggregate  of  1,000  quintals  per  day. 

The  durum  wheats  of  Algeria,  although  containing  less  gluten  than 
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the  semolina  wheat<i  of  Riusiu,  constitute  a  standard  type  for  the  man- 
ufacture of  semolina,  as  the  product  is  shiny  and  clear.  As  these  hard 
wheats  are  very  often  insufficient  in  quantity  for  local  purposes,  and 
furthermore  lack  the  necessary  proportion  of  gluten,  the  resultant 
product  of  the  wheat  is  very  frequently  mixed  by  the  millers  accord- 
ing to  their  Hpecial  interest*)  and  the  market  prices.  Ordinarily  Alge- 
rian or  Tunisian  wheat  is  mixed  with  Russian  or  Turkish  wheat,  and 
sometimes  with  Indian.  One  authority  was  asked  to  supply  formulae 
for  the  composition  of  a  theoretically  perfect  semolina,  but  he  replied 
that,  while  millers  and  others  might  be  disposed  to  discuss  chemical 
composition  in  pedantic  fashion,  in  practice  there  waw  very  littJe 
attempt  to  realize  elaborately  spun  theories,  Millers  and  macaixint 
manufacturers  by  long  experience  were  familiar  with  the  appearance 
of  semolina  that  would  yield  a  certain  quality  of  macaroni,  and  when 
they  went  into  the  market  they  smoothed  down  a  sample  on  a  sheet 
of  paper,  held  it  up  to  the  light,  looked  horizontally  across  it,  and  if 
it  was  bright  and  clear,  they  bought.  Wheats  are  always  ground 
separately.  Sometimes  the  maoufacturer  mixes  the  semolina  himself, 
and  sometimes  the  manufacturer  of  the  macaroni  does  this. 

CLEANING    THE    WHEAT, 

~  Th»  manufacture  of  the  semolina  begins  with  the  cleaning  of  the 
wheat,  including  washing  by  water.  The  Russian  wheats  contain  more 
moisture  than  the  Algerian,  and  should  be  dampened  more  lightly,  and 
allowed  to  repose  during  a  shorter  period  between  the  scouring  and 
the  beginning  of  the  grinding.  The  length  of  the  repose  after  the 
scouring  is  a  very  delicate  question  for  the  Marseille  miller  to  deter- 
mine, a.s  the  moisture  must  penetrate  to  the  heart  of  the  grain  in  order 
that  the  bran  and  the  cells  of  the  wheat  may  be  less  broken  up  into 
fiour,  which  of  course  the  semolina  manufacturer  wishes  to  avoid. 
In  the  old  days  of  grinding:  with  millstones  the  wheat  was  not  allowed 
to  rest  between  the  scouring  and  the  grinding,  but  it  was  found  by  this 
means  that  the  outer  husk  absorbed  all  the  moisture  and  the  by-prod- 
ucts of  the  manufacture  of  semolina  could  not  be  secured.  Since  the 
application  of  the  roller  process  in  1881  a  uniform  system  of  procedure 
has  been  followed  in  all  of  the  French  semolina  mills,  and  distinct 
progress  has  been  made  in  the  intrinsic  value  of  the  product  and  in 
the  amount  of  semolina  per  quintal  of  grain.  This  washing  process 
is  so  important  that  I  give  a  description  of  a  typical  French  scouring 
system  written  by  M.  Charles  Dantin. 

In  the  manufacture  of  semolina  in  France,  the  wheat  is  first  scoured 
with  water,  then  dried,  and  then  a  second  time  moistened.  It  reposes, 
as  previously  explained,  after  the  second  application  of  moisture,  for 
ten  to  forty  hours  before  going  to  the  cylinders.     The  first  scouring 
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I  ventui-e  to  de&cribe  in  some  detail,  uning  for  the  purpose  the  words 
of  Mr.  Dantin: 

An  exceea  oF  humidity  in  the  wheat  exercises  a  dangerous  effect  npon  the  fluur, 
involving  the  alteration  of  the  gluten,  developtneot  of  organism?,  disaj^reeahle  odor, 
and  gray  color.  The  maximum  proportion  of  water  should  be  IB  per  cent,  as  nililtng 
becomes  very  difficult  after  the  proportion  reachea  20  per  cent,  the  cylinders  bccom- 
ii^  clogged.  As  hard  wheals  are  uniformly  drier  by  nature,  the  washing  proct'es  is 
easier  than  in  the  case  of  soft  wheat.  The  washing  operation  leaves  from  1  to  5  per 
cent  of  water  incorporated  in  the  wheat,  the  cause  of  this  variation  depending  mainly 
upon  the  quality  of  the  wheat.  It  is  desirable  of  course  that  the  grain  conserve  a 
certain  d^ree  of  humidity,  which  benefits  more  or  leas  a  subsequent  dampening,  and 
facilitates  decortication. 

The  advantages  of  the  application  of  moisture,  either  in  eonuection 
with  the  scouring  process  about  to  be  described  or  as  a  succeeding 
operation,  are  thus  set  forth  by  Messrs.  Millon  &  Mourin,  of  Algiers: 

The  water,  spreading  readily  upon  the  surface  of  the  kernels,  does  not  immedi- 
ately penetrate  into  the  interior.  Wherever  the  surface  is  dampened,  the  adherence 
of  the  estf  mal  pellicle  is  destroyed;  the  external  teg:ument  of  the  grain  separated 
by  decortication  then  forme  bran  of  a  remarkable  lightness.  Above  all,  the  milling 
of  decorticated  wheat  proceeds  with  regularity  unknown  in  the  case  of  the  dry- 
cleaned  wheat. 

Water  in  therefore  considered  not  only  the  most  useful  agent  for 
cleaning  wheat,  even  of  such  impurities  as  may  lodge  in  the  crevices 
of  the  kernels,  but  as  one  which  facilitates  the  decortication  itself. 
The.se  are  the  considerations  which  have  brought  about  the  general 
adoption  of  some  scouring  device  in  France.  The  description  below 
covers  the  essential  points  of  the  Savit  &  Boutet  system  for  the  puri- 
fying operation: 

In  the  basin  of  the  device  the  water  is  taken  at  a  temperature 
varying  with  the  season.  Now,  when  upon  still  water  one  drops  with 
care  a  grain  of  wheat  with  dry  fingers,  the  grain  floats  a  long  time. 
If  a  pebble  of  the  same  size  an  the  grain  of  wheat  is  dropped  similarly, 
it  may  float  also,  hut  for  a  very  short  time,  since  the  wheat  has  a 
density  hut  little  higher  than  that  of  water,  and  the  pebble  a  density 
much  higher.  Upon  this  principle  the  Savit  &  Boutet  machine  is  con- 
structed. If,  in  place  of  depositing  a  grain  with  the  lingers',  it  is 
dropped  upon  a  curved  surface  with  which  the  surface  of  the  water 
forms  a  tangent,  the  wheat  will  still  float.  As  to  the  pebbles,  as  they 
float  but  a  short  time,  if  the  whole  be  penjHtt«d  to  continue  in  move- 
ment, the  wheat  will  float  to  the  end,  while  the  pebbles  will  .sink 
quickly.  Thus  we  may  extract  bodies  of  greater  density  than  wheat 
without  immersing  the  latter.  The  apparatus  (tig.  1)  in  composed  of 
a  flat  receptacle  J\  which  turns  upon  an  axis  forming  a  basin  covered 
with  water  regulated  from  O.  This  basin  possesses  a  flange  ai"ound 
the  edge,  tending  to  prevent  foreign  bodies  verj-  slightl}'  more  dense 
than  wheat  from  being  swept  along  with  it.  The  tube  2"  receives  the 
27479— No.  20—02 2 
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grain,  which  may  be  cut  off  by  shutter  at  V.  This  tube  feeds  the 
wheat  upon  cone  J?,  the  inclination  of  which  is  such  that  the  grain  may 
fall  upon  the  water  with  nicety  adjusted  speed,  the  grain  being  dis- 
tributed upon  the  cone  by  the  distributor  (bablDard)  B,  which  is  fixed 
on  the  vertical  tree  A.  The  basin  /'  turns  within  and  above  a  circular 
canal  /',  composed  of  two  portions,  one  receiving  the  wheat  and  com- 
pletely surrounding  the   basin;    the   other,    C,   embracing  the  arc 


niing  platlonn  or  InuId. 
flange  of  platlorm  or  baaia. 
lube  for  oondurtlng  wr 
pegulding  Inbe. 


between  the  two  jets  of  water  d'  and  d"  and  receiving  the  particles  of 
sand,  ete.     A  cast-iron  frame,  (r,  supports  the  whole. 

The  water  arriving  by  the  tube  J)  fills  the  iMisin,  and  playing  with 
more  or  loss  pressure  from  the  circular  orifice  0  spreads  over  the 
shallow  basin  and  drains  over  the  flange  Ji.  The  depth  of  the  water 
passing  over  the  flange  should  bo  sufficient  to  allow  the  passage  of  a 
grain  of  wheat.     The  wheat  distributed  from  the  orifice  0  drops  first 
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upon  the  cone  E,  then  to  the  water,  whence  it  floats,  and  is  swept  over 
R  and  falls  into  the  canal  C,  the  inclination  of  whiiih  is  such  that  the 
grain  goes  quicltly  to  the  drying  column,  where  it  is  immediately 
dried.  The  distance  across  the  surface  of  the  batiin  is  such  that  pebbles 
and  other  foreign  particles  have  sufficient  time  to  sink. 

As  the  basin  rotates  continually,  the  foreign  matter  remaining  is 
brought  under  the  jet  of  water*?  which  is  so  regulated  that  any  heavy 


Fig.  2.— Drying  column,  wllh  siiiurlnu  ilvvW-  fur  washing  grain. 

grains  of  wheat  remaining,  and  which  might  otherwise  i-emain  with  the 
stones,  are  swept  over  the  flange  also  between  two  jets  of  water;  there 
remain  then  only  bodies  of  greater  density  than  wheat,  which  are 
forced  below  the  flange  R  and  thence  fall  into  the  canal  C  and  are 
cared  for  in  a  special  receptacle.  Thus  itwill  be  seen  that  the  operation 
is  performed  without  the  immersion  of  the  wheat,  since  the  latter 
floats  and   is   not  much   dampened.      The   operation   of   dampening 
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begins  after  the  wheat  falls  into  the  canal,  and  lastu  until  it  enters 
the  drying  column.  This  operation  oontinues  about  three  seconds. 
The  drj'ing  column  designed  originally  by  Pierre  Cardilhac  is  shown  in 
fig.  2,  and  consists  of  a  perforated  cylinder  through  which  the  grain 
passes  rapidly,  and  is  fi'equently  so  dry  that  it  must  be  red&mpeDed 
before  the  milling  begins.  The  entire  device  is  capable  of  treating 
80  hectoliters  (67  bushels)  per  hour. 

PERCENTAOE    OF   SEMOLINA   IN   DIFFERENT  WHEATS, 

The  manufacturers  of  the  best  quality  of  semolina,  known  as 
"S.  S.  S.,"  expect  the  resultant  product  to  be  60  to  65  per  cent  semo- 
lina, from  12  to  1.^  per  cent  flour,  and  from  18  to  20  per  cent  bran. 
This  proportion  is  quite  different  when  the  native  metadin^,  or  mixed 
wheats,  are  employed,  in  which  event  a  smaller  proportion  of  semolina 
is  expected,  varying  from  30  to  40  per  cent,  inferior  in  quality  and 
containing  impurities  which  reduce  its  value.  The  proportionate 
amount  of  flour  is  greater  with  these  wheats,  and  the  quality  of  the  flour 
is  better  than  that  resulting  from  the  grinding  of  the  strictly  macaroni 
wheats.  The  grinding  of  the  pure  macaroni  wheat  into  flour  is  very 
rarely  attempted,  although  in  Algeria  a  good  deal  of  flour  is  thus 
made,  and  the  bread  is  of  good  flavor  and  very  nourishing.  The  manu- 
factureof  flour  from  macai-oni  wheat,  in  addition  to  other  disadvantages, 
requires  the  expenditure  of  additional  met^hanical  force. 

IMPORTANCE   OF   CLEANLINESS. 

The  average  hard  wheat  is  said  to  contain  from  8  to  12  per  cent  of 
moisture,  which  is  considerably  increased  by  the  wa-shing,  as  the  pro- 
cess is  now  followed  in  Marseille.  It  naturally  follows  that  the  semo- 
lina and  flour  of  hard  wheat  retain  their  virtues  for  a  length  of  time 
dependent  upon  the  season  in  which  they  are  manufactured.  In  winter 
they  will  retain  their  original  qualities  for  five  or  six  months,  while  io 
summer  one  or  two  months  is  perhaps  the  life  of  the  product  in  mer- 
chantable condition,  after  which  worms  are  vei-j'  likely  to  be  found  in  it, 
in  which  case  the  semolina  must  be  resifted  and  rebolted.  The  increase 
of  these  worms  is  prevented  to  a  large  extent  in  the  French  mills  by 
attention  to  cleanlinc.-is.  In  those  mills  which  are  cleaned  twice  a  year, 
where  whitewash  is  used  with  liberality,  very  few  are  ever  .seen,  while 
in  others,  where  less  attention  is  paid  to  details  such  as  these,  the  tim- 
bers are  covered  with  them. 

THE   MILLING    PROCESS. 

The  American  miller  will  prabably  add  little  in  France  to  bis  knowl- 
edge of  merely  mechanical  processes.  Few,  if  any,  machines  of  French 
invention  are  employed  in  the  French  mills,  the  Budapest  process  hav- 
ing been  adopted  and  adapted  to  the  peculiar  local  necessities.  Ameri- 
can winnowing  machines  are  in  general  use.     Neverthless,  illustrations 
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with  proper  explanation  are  subniitted  of  several  of  the  devices  essen- 
tial to  the  produi'tion  of  »einolina. 

In  the  milling  of  the  semolina  wheat,  the  ari-angement  of  the  machin- 


Fio.  ».— Typical  French  milllDK  marblne  wilh  four  Fjiinden. 

ery  is  not  radically  different  from  that  required  for  the  grindinfj  of  soft 
wheat  into  flour.  (See  figs.  3  and  4.)  The  scouring  process  is  identical, 
but  as  the  haid  wheats  used  here  contain  a  \'ery  much  larger  proportion 


F]&.  4.— Crou  ticctloD  ol  rollers  used  Id  producing  fivmolliia. 

of  foreign  matter  than  the  soft  wheats,  the  scouring  is  much  more  ener- 
getic, and  ia  followed  by  a  much  more  active  winnowing  process.  The 
wheat,  having  been  first  dry -scoured  in  seiMira  tors,  winnowingniachines. 
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and  culling  machines,  goes  to  the  washing  mnchine,  and  after  the  wash- 
ing is  received  in  sackaor  in  bushel  measures,  where  it  reposes  during 
the  necessary  time.  After  the  period  of  repose  (varying  from  ten  to 
forty  hours),  it  is  beaten  and  blown  and  brushed,  and  is  then  ready 
for  the  firet  crushing. 

The  miller's  object  is  to  obtain  the  highest  possible  proportion  of 
semolina,  and  the  least  possible  proportion  of  flour.  To  do  this,  the 
cylinders  work  with  no  more  pressure  than  is  absolutely  necessary  in 
order  that  the  moistened  bran  may  detach  itself  from  the  wheat  in  large 
flakes  and  the  grains  of  semolina  be  secured  without  be'ng  unneces- 
sarily bruised.  To  facilitate  this  work  there  are  ordinarily  two  cruah- 
ing  operations  in  addition  to  those  to  which  soft  wheat  is  subjected, 
during  which  the  coarsest  semolina,  passing  through  No.  16  bolting 
cloth,  is  withdrawn.     After  the  crushing  all  the  products  are  classified 


on  " planchettes "  according  to  their  size,  and  are  then  transmitted  to 
the  bolters,  which  clean  them.  The  most  important  operation  is  the 
final  winnowing  for  the  refinement  of  the  semolina,  and  in  order  that 
this  may  be  done  under  satisfactory  conditions,  it  is  essential  that  the 
semolina  shall  first  be  classified  according  to  size,  well  dried,  and 
relieved  of  fine  particles.  Each  class  of  the  semolina  thus  obtained  is 
then  sifted  separately,  upon  ventilated  sifters,  the  dust  and  foreign 
matter  being  blown  away,  and  the  clean  semolina  dropping  through 
the  sieves,  from  which  it  is  delivered  into  sacks  ready  for  the  market 

CLASSIFICATION  OP   ITIODUCTS. 

The  final  operation  in  the  production  of  semolina  is  performed  in  a 
machine  known  as  a  "sasseur"  (fig.  5),  the  manner  of  operation 
(fig.  6)  being  as  follows: 
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The  unpurilied  and  unclassified  semolina  in  delivered  upon  tlie  se]>anitor  iit  Hieve 
of  waxed  paper  (Dr.  tt.  A~.\),  upon  which  it  is  continually  shaken  while  a  current  of 
air  passes  upward  troin  below.  The  rounded,  poliahed  gr^na  of  semolina  which 
are  too  large  to  pass  through  the  sieve  are  carried  forward  In  the  direction  shown 
by  the  arrows  pointing  toward  the  left,  and  ia  finally  delivered  into  sacks.  The 
smaller  grains  fall  through  the  sieve,  in  the  direction  indicated  by  the  arrows  point- 
ing downward,  and  are  afterwards  reclassified.  The  lighter  portions  (flour,  etc.)  are 
carried  upward  by  the  current  of  air,  the  heavier  particles  dropping  backward  onto 
the  smaller  sieves,  B  B,  and  the  (tour  dust  being  ex|>elle<l  in  tin-  ilirei'tion  of  the 
arrows  pointing  upward. 


The  Fienoh  .soinollna  is  clasMified  actrording  to  size,  the  ti-atlc  tenii!* 
being  a.s  follows: 

Semolina  sifted,  jiai^piiig  through  sieve- 
No.  20  to  No.  25 'Mi.  (i." 

No.  25  to  No.  30 "M.  U." 

No.  30  to  No.  40 "S.  S.  S.  (i." 

No.  40  to  No.  50 "S.  S.  F." 

No.  50  to  No.  60 "f^.  a  S.  I'." 

No.  60  to  No.  70 "S.  F.  S." 

No.  70  to  No.  80 "S.  1(." 

All  the  products  pas^iiing  through  nuniberw  80  to  90  French  .silk,  are 
classed  as  flour.     {Sfie  Plates  II  and  III.) 

Of  the  flours  that  are  produced  during  the  manufacture  of  semolina 
from  10  to  12  per  cent  are  known  as  "  Gruau  hard,"  and  fioni  3  to  5 
per  cent  as  "  Minot  hard."  The  hard  Gruaiis  are  produced  from  the 
operations  of  crushing  and  classification,  and  are  of  fair  quality. 
Minot  hards  are  of  inferior  quality.  All  the  other  flours  and  products 
of  the  grinding,  except  those  already  enumerated,  are  classified  as 
brans,  and  receive  the  following  designations:  (1)  Flour,  "F.  B.  I).;" 
(2)  "Repasse  hard;"  (3)  Coarse  hard  bran. 
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Under  average  cooditions  50,000  kilos  of  hard  African  wheat  will 
jield  the  following  products: 
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The  average  price  of  Kcmolina  is  from  30  to  33  francs  per  100  kilos 
(So. 79  to  S6.36  per  220  pounds).  As  much  as  40  francs  ($7.7-2)  and 
even  iS  francs  ($9.26)  has  been  paid  under  exceptional  market  condi- 
tions, the  lowest  price  recorded  being  23  francs  ($i.i3)  per  100  kilos. 
The  wholesale  price  of  macarani,  which  contains  practically  no  raw 
material  other  than  semolina,  averages  from  48  to  50  francs  {$9.26 
to  $9.fi5)  per  220  pounds. 

HAmTTAOTUnE   OF  HAOASONI. 

While  Marseille  at  the  present  time  leads  the  world  in  the  manufac- 
ture of  semolina,  this  is  not  yet  true  of  the  edible  pastes  manufactured 
from  semolina.  There  are  in  this  city  some  40  .small  manufacturers 
of  iiiacaixmi,  each  averaging  from  300  to  400  kilos  per  working  day, 
and  depending  upon  a  local  and  restricted  trade.  There  are  5  or  6 
important  concerns  producing  from  1,000  to  1,500  kilos  each  per  day. 
The  firm  of  Rivoire  &  Carret,  for  example,  manufacture  from  15,000 
to  20,0<X(  kilos  per  day,  and  have  two  factories  in  different  parta  of 
the  city.  Another  house,  that  of  F.  Scaramelli  Fils,  which  exports 
very  heavily  to  the  United  States,  turns  out  from  5,000  to  6,000  kilos 
per  day.  The  firm  of  Rivoire  &  Carret  have  large  factories  also  at 
Paris,  Lyon,  and  Mulhouse  in  Switzerland.  The  total  production  of 
edible  pastes  in  Marseille  amounts  to  45,000  kilos  per  day,  and  this 
,  is  probably  equaled  by  the  production  of  Lyon.  In  Switzerland  there 
arc  also  very  important  concerns,  and,  as  I  said  before,  the  business  is 
steadily  increasing  everywhere, 
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THE   PROCESS. 

The  generic  temi  for  edible  pastes  in  France  is  "  pfites  alimentaires." 
We  are  a^^customed  in  the  United  States  to  speak  of  these  articles  as 
"  macaroni,"  but  in  point  of  fact  macaroni  is  merely  one  of  a  hundred 
different  forme  in  which  edible  j)astes  are  produced.  The  composition 
it*  much  the  8ame  in  all  cases,  the  different  designations  referring  to 
foim  and  size.  The  method  of  manufacture  is  comparati\'ely  simple, 
as  modern  mechanical  methods  ai-e  simply  enlargements  of  the  old 
family  process  by  which  the  housewife  mixed  flour  and  water,  kneaded 
the  batch,  rolled  it  into  sheets,  cut  it  into  strips,  and  hung  it  out 
to  dry.  In  the  modern  factory  the  semolina  is  measured  into  a  steel 
pan  about  8  feet  in  diameter,  within  which  travels  a  stone  wheel. 
Water  is  added,  the  machine  is  put  in  motion,  the  wheel  moves  slowly 
around  the  pan,  thus  kneading  the  batch  until  it  attains  pro[>er  con- 
sistency, .lust  ahead  of  the  wheel  is  set  a  small  steel  plow,  to  gather 
and  turn  over  the  mass  so  that  it  falls  under  the  rim  of  the  approach- 
ing wheel,  thus  guaranteeing  an  even  kneading  of  the  whole  amount 
of  semolina  measured  out.  From  the  kneading  machine  the  dough 
passes  to  steel  presses  {Plate  IV,  fig.  1),  by  which  it  is  converted  into 
marketable  fomi.  From  the  presses  the  product  goes  to  the  drying 
rooms,  where  it  la  seasoned,  aft«r  which  it  is  packed  and  placetl  on  the 

All  of  the  foregoing  is  apparently  easy  and  few  pitfalls  are  observ- 
able. Nevertheless,  l»efore  the  batch  is  prepared  for  the  petrin  or 
kneading  machine,  a  practical  test  is  made  with  each  lot  of  semolina 
to  determine  the  amount  of  gluten  it  contains.  A  kilo  of  semolina  ts 
put  into  a  basin  of  water  and  kneaded  by  hand  until  the  starch  and 
other  mattei^  disappear  in  the  washing  and  the  gluten  remains  in  the 
hand.  The  loss  of  gluten  by  this  method  amounts  to  60  grains  in  a 
kilo  of  semolina.  The  gluten  remaining  after  the  starch  is  kneaded 
out  is  weighed  and  the  batch  for  the  petrin  is  prepared  with  refer- 
ence to  the  amount  of  gluten  found  in  the  raw  material.  Here  is 
where  skill  and  experience  begin  to  count.  If,  for  example,  an 
attempt  should  be  made  to  manufacture  a  given  quantity  of  macaroni 
from  a  certain  amount  of  high-grade  semolina  and  the  same  quantity 
from  the  same  amount  of  fine  flour  produced  by  grinding  the  same 
wheat,  the  macaroni  produced  from  the  semolina  would  be  very  unlike 
and  very  superior  to  that  produced  from  the  flour.  The  flour  having 
been  eitished  into  powdei  is  so  sepamted  that  what  the  macaroni  man- 
ufacturer calls  its  "force"  is  completely  lost,  and  the  macaroni  is 
brittle  and  dull  of  appearance.  On  the  other  hand,  the  macaroni  made 
from  the  semolina  would  l>e  translucent  and  elastic,  and,  after  having 
l>een  cooked,  the  lengths  of  the  macaroni  still  retain  their  form.    These 
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are  the  qualities  sought  liy  the  manufacturer  of  macaroni:  A  bright, 
clear  appeai-anee,  elasticity  before  cooking,  and  sufficient  "force"  to 
retain  the  original  form  after  having  been  cooked. 

MIXINO   THE   SEMOLINA. 

There  is  more  g.uten  in  the  Kus.tian  wheat  than  in  the  Algerian,  and 
the  Bemolina  manufactured  into  macaroni  without  an  admixture  would 
not  only  be  dark  and  dull,  but  would  be  very  hard  upon  the  machinery 
of  the  factory.  Algerian  semolina,  on  the  other  hand,  if  manufac- 
tured into  macaroni,  would  be  too  brittle  to  satisfy  the  requiremeobi 
of  the  trade.  A  mixture  must  therefore  be  made  in  which  there  will 
be  from  45  to  50  per  cent  of  moi^t  gluten. 

The  important  matter  of  mixing  the  different  kinds  of  semolina 
together  having  been  attended  to,  the  water  is  next  introduced  into  the 
eteel  pan,  the  quantity  varying  from  20  to  27  kilograms  per  100  kilo- 
grams of  semolina,  depending  somewhat  upon  the  nature  of  the  edible 
paste  to  be  manufactured  and  the  humidity  of  the  semolina  itself.  This 
proportion  is  determined  by  the  experienced  judgment  of  the  manu- 
facturer. Very  slight  differences  in  the  amount  of  water  are  necessary 
for  the  production  of  various  kinds  of  pastes,  the  vermicelli  requiring 
a  shade  less  than  any  of  the  others.  The  mixture  of  semolina  and 
water  properly  kneaded  supplies  the  true  macaroni,  but  with  the 
increase  in  competition  and  changes  in  public  taste,  a  demand  has 
arisen  foi*  an  edible  paste  in  which  eggs  are  kneaded,  and  manufac- 
turer.s  also  introduce  rice  flour,  corn  flour,  and  potato  flour.  To  sat- 
isfy an  entirely  local  clientele,  garlic  is  occasionally  introduced.  The 
same  is  true  of  edible  pastes  into  which  the  juice  of  carrots,  turnips, 
cauliflower,  and  cabbie  is  mixed.  These  varieties  of  the  article  are 
quite  unknown  in  the  United  States.  The  rice,  corn,  and  potato  flours 
are  only  employed  to  affect  the  color  of  the  finished  product  and  the 
cost  of  the  same.  These  adulterations  are  only  used  in  the  case  of  the 
cheaper  macaronis. 

The  paste  of  the  highest  grade  is  ti-anslucent  and  of  the  shade  of 
very  light  amber.  Pure  white  macaroni  may  seem  more  attractive, 
but  its  color  is  often  due  to  the  admixture  of  rice  flour.  The  cheaper 
hard  wheats  alwaj's  produce  a  dark  semolina,  and  their  color  must  be 
toned  up  in  order  to  make  them  marketable.  In  the  case  of  macaroni 
of  the  first  quality  the  whitening  is  brought  about  by  the  kneading 
process,  which  is  continued  from  thirty-five  minutes  to  fifty  minutes. 
Ordinarypaste  is  kneaded  thiiiy-five  minutes,  and  the  extension  to  fifty 
minutes  is  only  in  exceptional  cases  and  for  the  production  of  a  super- 
fine article.  The  difference  between  an  ordinary  white  macaroni  and 
that  of  an  etiually  white  cheaper  macaroni  can  be  distinguished  by 
holding  lengths  of  them  up  to  the  light.  The  rice-flour  macaroni  will 
be  found  to  be  dull  white  like  a  sheet  of  paper,  while  the  thoroughly 
kneaded  and  better  quality  of  macaroni  will  be  translucent 
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CURIKO   OFEKATIONS. 

After  the  kneading  of  the  paste  and  its  manufacture  into  forme,  the 
skill  of  the  expert  is  again  called  into  play  while  the  cnring  process 
takes  place. 

In  discussing  the  matter  with  me,  Mr.  Francois  Scai-amelli  said; 

This  is  the  moat  delicate  feature  of  the  business.  I  believe  that  it  takesabout  twenty 
years  to  get  a  factory  into  thorough  running  order.  For  fifteen  years  I  myself  have 
given  inBtructions  to  one  of  my  moet  competent  men  on  the  subject  of  drying,  in  order 
togiveto  myself  more  personal  leisure.  Yet  to-day  if  that  man  ifl  left  entirely  alone, 
difficulty  is  likely  to  occur.  To  know  exactly  when  the  macaroni  is  "ripe,"  eo  to 
speak,  and  ready  for  the  market,  amounts  to  an  intuition.  It  is  absolutely  impossi- 
ble to  estabiieh  cut-and-dried  methods.  Personal  experience  must  be  the  only  guide- 
It  is  right  at  this  point,  in  my  opinion,  that  the  first  efforts  to  manufacture  macaroni 
in  the  United  States  have  not  succeeded.  The  promoters  have  not  had  sufficient 
patience  in  going  about  their  work.  They  have  expected  to  accomplish  in  a  few 
years  that  [or  which  we  have  required  a  lifetime  o(  labor.  I  have  seen  some  Ameri- 
can macaroni,  and  my  main  criticism  on  it  is  that  it  is  not  solid,  though  in  every 
other  respect  it  leaves  something  to  be  desired.  If  a  macaroni  is  permitted  to  "take 
cold,"  as  I  may  express  it,  during  the  drying  process,  in  spite  of  its  condition  aa 
respects  the  quantity  of  gluten  and  the  duration  of  the  kneading  process,  it  lacks 
the  elasticity  which  a  perfect  macaroni  should  have.  AVhen  the  product  is  properly 
cured,  one  should  be  able  to  take  a  section  a  meter  long,  and,  holding  it  up  by  the 
end,  it  should  bend  readily,  like  a  whip,  without  breaking.  The  same  macaroni 
improperly  cured  will  break;  it  will  break  before  cooking  and  it  will  be  still  more 
hrittle  after  having  been  cooked.  This  elastic  quality  caus^  the  macaroni  after 
cooking  to  retain  its  original  form,  desired  by  all  lovers  of  the  food,  while  the  inferior 
article  melts  together  and  becomes  more  like  paste. 

In  all  of  the  large  factories  the  macaroni  is  dried  in  rooms  in  which 
the  temperature  ia  kept  at  about  70°  F.,  except  in  summer,  when  the 
weather  alone  regulates  this  matter.  Vermicelli  and  macaroni  are 
hung  on  racks,  and  the  edible  pastes  molded  into  forms  are  placed  in 
drawers.  This  is  the  so-called  "French  system,"  and  any  variation  in 
the  temperature  causes  the  macaroni  to  warp.  The  small  manufactu- 
rers have  great  difficulty  in  curing  their  product,  and  it  must  be  con- 
stuned  within  a  week  or  so,  or  the  deterioration  in  the  quality  is  so 
rapid  that  customers  protest.  More  carefully  prepared  macaroni, 
especially  if  it  is  packed  in  tight  boxes,  retains  its  excellence  from  six 
months  to  a  year  in  ordinary  climates,  although  every  "gourmet"  who 
cares  much  for  this  food  insists  that  the  sooner  it  is  eaten  after  coming 
from  the  factory  the  better.  I  am  satisfied  that  there  is  some  truth 
in  this  claim,  as  I  have  frequently  observed  very  marked  difference  in 
the  quality  of  macaroni  served  upon  my  own  table,  when  bought  at 
the  same  shop  and  at  the  same  price.  This  deterioration  is  what  most 
strongly  contirnis  my  opinion  that  edible  pastes  will  not  become  a 
staple  article  of  diet  in  the  United  States  until  we  have  domestic  manu- 
factories so  organized  that  the  consumer  may  be  always  assured  of 
fresh  mei'chandise. 
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While  the  drying  process  in  i-ooms  seems  to  be  best  adapted  to  the 
manufacture  of  macaroni  on  a  large  M.«le,  it  is  still  claimed  that  the 
merchandise  cured  in  the  open  air  is  better  than  that  cured  hy  artifi- 
cial heat.  Mr-  Scaramelli  attributes  the  success  of  a  number  of  Nea- 
politan manufacturers  who  secure  their  semolina  from  Marseille  to 
the  fact  of  their  adherence  to  this  old-fashioned  method.  Many  trav- 
elers can  recall  having  seen  in  Naples,  upon  the  roofs  of  dwellings, 
wooden  frames  with  the  family  supplj'  of  macaroni  drj'ing  thereon. 
Mr.  Scaramelli  himself  has  recently  adopted  this  system  (Plate  IV, 
fig.  2)  for  a  part  of  his  output,  and  is  well  satisfied  with  his  success. 
The  pi'ocess  i-equires  the  closest  supervision,  as,  after  the  merchandise 
becomes  once  dry,  it  is  taken  to  a  "chamber  of  repose,"  a  ventilated 
but  closed  room,  and  after  remaining  there  several  hours  is  again  hung 
in  the  open  air  for  five  or  more  hours,  and  then  a  second  time  is  sent 
to  the  chamber  of  repose,  after  which  it  is  taken  to  the  packing  room 
and  placed  on  sale. 

This  frequent  switching  about  of  the  macaroni  fix>m  the  open  air 
to  the  chamber  of  repose  and  back  again  is  caused  by  the  fact  that 
when  first  exposed  to  the  open  air  the  product  begins  to  dry  from 
the  outside,  and  if  permitted  to  remain  too  long  would  warp.  To 
prevent  this  it  is  taken  to  the  dark  room  before  completely  cured, 
where  it  straightens  itself,  the  moisture  from  the  center  spreading 
throughout  the  thickness  of  the  paste.  When  it  is  judged  that  the 
same  degree  of  humidity  exists  in  ever}'  portion  of  the  macaroni  it 
again  goes  into  the  open  air,  so  that  the  remaining  moisture  may  be 
expelled.  Verj"  much  the  same  care  is  given  to  this  drj-ing  process  aa 
to  the  seasoning  of  lumber,  the  object  being  to  assure  thoroughness 
and  to  prevent  warping. 

The  open-air  curing  process  is  not  applicable,  of  course,  to  the  dry- 
ing of  the  "petits  pfitea"  (the  wmall  forms — stai-s,  circles,  etc.)  (Plate 
V),  and  Mr.  Scaramelli  has  within  a  few  months  devised  a  system  for 
treating  them  in  large  revolving  cylinders  of  metallic  netting  in  a  room 
heated  by  steam.  When  his  apparatus  is  fully  completed  these  "petita 
pfites"  will  be  carried  by  pneumatic  power  in  tubes  from  the  pressing 
room  to  the  drj"ing  chamber,  where  they  will  drop  in  a  continual 
stream  into  the  continually  revolving  cylinders.  Each  cylinder  is 
capable  of  drying  120  kilograms  every  two  hours.  From  the  cylinder 
the  "petita  pfites"  descend  by  gravity  to  a  mechanical  sifter,  after 
which  they  are  placed  in  boxes. 

Most  of  the  mechanical  operations  in  the  factories  are  carried  on  by 
men;  the  majority  of  the  labor  is  undertaken  by  women  and  girls. 
Men  are  paid  from  3.50  to4..'>0  francs  (67  to  86  c6nts)per  day;  women 
from  1  to  2.25  fi-ancs  (19  to  43  cents),  and  boys  from  1  to  1.65  francs 
(19  to  31  cents)  per  day. 
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The  most  careful  economy  is  ohaerved,  all  ends  and  broken  pifcea 
of  paste  being  saved,  and  after  the  accumulation  of  a  considemble 
quantity  the  whole  is  boiled  for  two  or  three  minutes,  then  mixed 
with  fresh  mat-aroni,  and  worked  up  into  macaroni  of  secondaiy 
quality. 

DUBTTK  WHEAT  FOB  BBEAD  FLOUB. 

Before  leaving  Mr.  Scaramelli'a  factory  I  was  supplied  by  liini  with 
the  following  interesting  information  on  the  subject  of  flour;  The  best 
type  of  Provencal  wheat,  which  is  of  the  soft  variety,  and  known  as 
"Tuzelle,"  is  very  highly  valued,  and  produces  a  very  white  flour. 
Another  flour  commonly  manufactured  In  Marseille  is  known  ns  the 
"Berdiansk."  This  is  the  product  of  the  Russian  wheat  of  the  same 
name,  and  the  flour  is  strong  in  gluten,  and  darker  than  the  Tuzelle. 
The  two  are  mixed  in  the  city,  generally  in  the  proportion  of  20  kilo- 
grams of  Russian  and  40  kilograms  of  Provencal.  The  mixture  pro- 
duces a  standard  type  of  bread  in  this  city,  and  both  of  these  flours  are 
required  throughout  southern  France,  and  are  known  a^  far  north  as 
Lyon.  In  Paris  bread  is  manufactured  wholly  from  local  flour,  and 
in  order  ,to  secure  the  required  amount  of  proteids  bakers  mix  with 
their  flour  from  2  to  4  per  cent  of  bean  flour.  However,  even  with 
this  addition,  the  Parisian  bread  contains  less  gluten  than  that  of 
Marseille. 

TABLES  OF  EXPOBTS,  IHPOBTS,  AND  FBIOES. 
ExpuHe  (if  femolina  from  MarseiUe,  by 
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30  MANUFACTURE   OF   SEMOLINA    AND   MAOABONI. 

Kxport»  of  edible  pattet  from  MaruiiU,  In/  ctMiitriet,  1899  and  1900. 
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Importatioiui  oftrheat  at  MarteiUe,  I 

Qnlnula. 

1900.  RuBaia 3,815,988 

Turkey  in  Europe,  and  Danube  principalities , 199, 513 

Turkey  in  Asia 51, 288 

Australia 27, 875 

United  States 105,435 

Argentina 275,125 

Alireria 768,682 

Tunis 413,355 
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UUlDUlS. 

1900.  Naples ■...-  89 

French  porta 8, 839 

Total 6,B7fl.l89 

1899 7,255,985 

1898 9,888,243 

1897 6,808,727 

1896 7,736,008 

Hange  of  pricet  of  temoliTM  per  JOO  hilot  atManeilh  ■luring  the  yeartlSSS  lo  1900.^ 
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Vaiua  <jf  tUelared  erporia  of  inacarani  and  rrmiicelli  In  Ihe  UniUdSlale»  for  the  year  1900. 
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BUI,I.ETINS  OF  THE  BUltEAtr  07  PLANT  IKSTTSTBT. 

The  Bnreftu  i>f  Plant  In<luptry,  wliii^li  was  orgaiiizeil  Jnly  1,  UfOI,  inciiidps  ^'ege- 
talilt:  Puthoki^iixl  aiul  Fhyiiial'^gii'al  Invtsti^tiim.",  liotanlcal  Iiivep^tijcalions  and 
Kxp<^riiiient!!,  Ora»<  and  Font)^  Plant  Inv^tigationi',  Poinologiml  Invciitii^atiuiis,  and 
Gardens  and  Grounds,  all  of  vfhii'h  weiv  foniiurlj'  wparate  Divisions,  and  also  Seeil 
and  "Plant  Introduction,  Tin'  Arlirwiou  K^iH-rimpntal  Farm,  Tea  Invosti>!atii>ns  am) 
ExpcriuipntH,  and  the  t'ongresajonal  Seed  IMwtrilmtioii,  Bi^nninjf  wilh  the  date  of 
orgHRizAtinn  of  the  Bureau,  the  independent  periefi  of  biill«'tin!i  of  the  IVivuiion  of 
Vej?et»ble  PhysioUipy  and  Patholofry,  the  Idnf  nnniber  of  fthlch  was  211,  and  of  each' 
of  the  otlitT  Dividiuna  wnre  dipfimtiTiutii.  anil  all  an-  now  published  w  one  seru'sof 
the  Bnteaii. 

The  bulli'tins  pnbliphed  in  the  Bureau  serie!"  are: .  * 

So.  1.  The  Relation  oE  Lime  and  MaKn^^in  to  Plant  Growth.     1901. 

2.  SpennHt<^enesiB  and  FeeumlaHon  ijf  Zamia.     1901. 

3.  Ma<Mrt)ni  Wheatfi.     1!M)1. 

4.  RanKc  Imiirovemeinl  in  Arizona.     IHOl. 

o.  Sei^b  and  Plants  luipiirti-d  thimijib  the  Sei-tu.ri  at  Seed  ami  Plant  lnlTi>duc- 

tion.  i.'U:     Inventory  No.  H.     ISO:.', 

ti,  A  List  of  Aiiiorii-au  Variptics  r.f  Pepjwrs.     11J02.  . 

7.  The  Algorian  Durum  Wlirats.     li>02. 

fi.  A  Collection  01  Etsjnomie  and  other  Kungi  prepare.!  for<liMril)ution.     1W2, 

H.  The  North  Anieri<an  ."^in'tii-^  of  S(>artina.     1902. 

10.  Reconle  o(  Heeil  Dwtribuliim  and  Oioperative  £x{>ertiiieni^  wilh  (irawics 

and  Forajje  I'laiita.     IMe. 

11.  Jolinmm  Oraw:  Ri'port  of  Invexli^itions  ^lade  ifurin;;  llie  Season  of  ItlOl. 

11)02. 

12.  Forage  in  Northwestern  California.     I!i02. 

13.  ExiierirnvntH  in  Ruuf;e  Jniprovcnient  in  Central  Texas.     11X)2. 

14.  The  Dei'ay  of  Timber  and  Methods-  i.f  Preventing  it.     IW2.  s 

15.  Forage  Omditions  on  the  Northern  Border  of  the  (ireat  Bitfin.  '  IIHH. 

16.  A  Preliminary  ytudy  of  Aguriciw  <'unipei'triH  and  other  Basidioiiiycetinis 

Fungi.    ISHI2. 

17.  Diw-usea  of  the  Cowpea.     1H02. 

18.  Observatriins  on  the  Mosaii:  Diw-ase  of  Tolmct-o.     I1W2. 

]!».  Kentn.-ky  Blue  Grass  Sei'd:  Harvestinj,'.  Ciirin);,  anil  Cleuninji.     1!'02. 
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